
PREFACE 

This report covers the March 15, 1970, to September 30, 1970, 
activities of the NASA Biomedical Application Team at the Research Triangle 
Institute. The activities were performed in accomplishing Tasks A through 
F, Statement of Work, NASA Contract No. NASW-1950. Accomplishment of Task G, 
Supplementary Efforts, is reported separately. This work was performed in 
the Engineering and Environmental Sciences Division of the Research Triangle 
Institute under the technical direction of Dr. J. N. Brown, Manager, Systems 
Engineering Department, and Dr. F. T. Wooten, Project Leader and Director, 
Biomedical Application Team. Full-time members of the BATeam and other RTI 
staff members who participated in the project are Mr. Ernest Harrison, Jr., 
Dr. G. S. Hayne, Mr. E. W. Page, Mr. B. W. Crissman, and Mrs. Mary Carpenter. 
Assistance from other members of the RTI staff was obtained as needed. 

Medical consultants who contributed significantly to the project 
are Dr. E. A. Johnson, Duke University Medical Center, Durham, North Carolina; 
Dr. G. S. Malindzak, Jr., Wake Forest University, Bowman Gray School of Medicine, 
Winston-Salem, North Carolina; William Z. Penland, National Cancer Institute, 
Bethesda, Maryland; Professor Hal Becker, Tulane School of Medicine, New Orleans, 
Louisiana; and Dr. Myron Youdin, Institute of Rehabilitation Medicine, New York, 
New York. 



ABSTRACT 

This report presents the results of the activities of the NASA 
Biomedical Application Team at the Research Triangle Institute. This experi- 
mental program in technology transfer was supported by NASA Contract No. NASW- 
1950 for the reporting period March 15, 1970, to September 30, 1970. The RTI 
Biomedical Application Team is a multidisciplinary team of scientists and 
engineers acting as an information and technology interface between NASA and 
individuals, institutions, and agencies involved in biomedical research and 
clinical medicine. During the reporting period, participants in the Biomedical 
Application Team Program included Dr. J. N. Brown, Jr., Electrical Engineer; 
Dr. F. T. Wooten, Electrical Engineer; Mr. Ernest Harrison, Materials Scientist; 
Dr. G. S. Hayne, Physicist; Mr. E. W. Page, Electrical Engineer; Mr. B. W. Criss- 
man, Geophysicist; and Mrs. Mary Carpenter, Research Assistant. In addition, 
the Biomedical Application Team draws upon the capabilities of other members 
of the RTI staff as needed. 

Ten medical organizations are presently participating in the RTI 
Biomedical Application Team Program: Duke University Medical Center, Durham, 
North Carolina; the Medical School of the University of North Carolina, Chapel 
Hill, North Carolina; the University of North Carolina Dental School and Dental 
Research Center, Chapel Hill, North Carolina; the Bowman Gray School of Medi- 
cine, Winston-Salem, North Carolina; the North Carolina State University, 
Raleigh, North Carolina; the Institute of Rehabilitation Medicine of New York 
University Medical Center, New York, New York; the National Cancer Institute, 
Bethesda, Maryland; Tulane School of Medicine, New Orleans, Louisiana; Brookdale 
Hospital Center, Brooklyn, New York; and Ochsner Clinic and Foundation, New 
Orleans, Louisiana. 

The accomplishments of the Research Triangle Institute Biomedical 
Application Team during the reporting period are as follows: The Team has iden- 
tified 41 new problems for investigation, has accomplished 11 potential transfers 
of technology, has closed 14 old problems, and on September 30, 1970, had a total 
of 81 problems under active investigation. 



TABLE OF CONTENTS 

1.0 INTRODUCTION . 
1.1 Introductory Comments . 
1.2 Biomedical. Application Team Program . 
1.3 Methodology . 
1.4 Biomedical Application Team Composition and 

Participating Medical Institutions 

1.5 Definition of Terms . 
2.0 SUMMARY AND ANALYSIS OF TECHNOLOGY TRANSFERS . 

2.1 Introduction and Summary 

2,2 Discussion and Analysis of Potential Transfers 
and Impacts 

2.3 Sources of Solutions of Potential Transfers . 
2.4 Analysis of Previous Transfers . 

3.0 SUMZURY AND ANALYSIS OF PROBLEMS INVESTIGATED BY THE 
BIOMEDICAL APPLICATION TEAM . 
3.1 Problems Accepted, Rejected, and Closed . 
3.2 Active Problem Status 

3.3 Cluster Analysis . 
4.0 COMPUTER INFORMATION SEARCHES 

4.1 Suminary of Computer Information Searches at 
North Carolina Science and Technology Research 
Center (NCSTRC), RECON, and Defense Documentation 
Center (DDC) 

4-2 Results of the Clingman Survey . 

5-0 PROKLEM STATEZIfEliiT GTKGIIL,ATPON ANI) RESPONSE 

6 - 0  OTHER ACTIVITIES . 
6.1 Comrnumications Technology in the Medical Community 

Page Nos. 

1 

iii 



6 , 2  Seminars 44 

6 . 3  Visits t o  NASA F i e l d  Centers 44 

6 . 4  I n d u s t r i a l  I n t e r a c t i o n s  . 4 5  

6 . 5  NASTRAN . 4 5  

7.0 SUMXARY OF BIOMEDICAL APPLICATION TEAM STATUS AT USER 
INSTITUTIONS AND PROJECTED EXPANSION . 4 7 

7 . 1  I n t r o d u c t i o n  4 7  

7.2 Summary S t a t u s  f o r  User I n s t i t u t i o n s  P a r t i c i p a t i n g  
i n  t h e  Program on March 1 5 ,  1970 4 7  

7 . 3  P l a n s  f o r  Expansion of BATeam A c t i v i t y  . 4 9 

7 .4  Program Promotion and Expansion A c t i v i t i e s  . 4 9 

8.0 CONCLUS IONS AND RECOP.@IENDATIONS 5 3  

9 . 0  REFCXENCES . 5 5  

A . 1  P o t e n t i a l  T r a n s f e r  Repor t s  . 5 9 

A.2 Impact Repor t s  . 8 3  

B Problem L i s t i n g s  . 8 7 

B . 1  Problems Accepted . 89 

3 . 2  Problems Closed 9  1 

B .  3  Problems Re jec ted  . 9 2 

B.4 A c t i v e  Problems 9 3  

C Problem Sta tements  C i r c u l a t e d  t o  NASA F i e l d  Cen te r s  . 9 7 

D Problem Sta tements  Prepared  . 119 



L I S T  OF ABBREVIATIONS 

ARAC 

ARC 

BAT eam 

COSMIC 

FRC 

GSFC 

Hdqtrs 

IAA 

KSC 

L eRC 

LRC 

MSC 

MSFC 

NC STRC 

RDC 

RT I 

STAR 

TAT earn 

TUO 

WESRAC 

Aerospace Research Appl ica t ions  Center 

Ames Research Center 

Biomedical Applicat ion Team 

Computer Software Management and Information 
Center 

F l i g h t  Research Center 

Goddard Space F l i g h t  Center 

NASA Headquarters 

I n t e r n a t i o n a l  Aerospace Abs t rac ts  

Kennedy Space Center 

Lewis Research Center 

Langley Research Center 

Manned Spacecraf t  Center 

Marshall  Space F l i g h t  Center 

North Carol ina Science and Technology Research 
Center 

Regional Dissemination Center 

Research Tr i ang le  I n s t i t u t e  

Science and Technical  Aerospace Abs t rac ts  

Technology Applicat ion Team 

Technology U t i l i z a t i o n  Of f i ce r  

Western Regional Applicat ions Center 



I,G INTRODUCTION 

1.1 Int roductory  Comments 

S i g n i f i c a n t  b e n e f i t s  a r e  t o  be gained by applying t h e  s c i e n t i f i c  
and technologica l  r e s u l t s  of f e d e r a l l y  funded r e sea rch  and development 
(R & D) programs t o  problem a reas  o t h e r  than those f o r  which they were 
c rea ted .  The s i z e  of the  n a t i o n a l  investment i n  R & D programs and t h e  very 
s i g n i f i c a n t  technologica l  achievements which have been r e a l i z e d  i n  t he  p a s t  
decade demand t h a t  an e f f o r t , b e  made t o  apply t h e  r e s u l t s  of t hese  programs t o  
t h e  s o c i a l ,  economic, environmental,  and hea l th - r e l a t ed  s e c t o r s  of our s o c i e t y .  

The National  Aeronautics and Space Administrat ion (NASA) has  been a l e a d e r  
and innovator  i n  t he  es tab l i shment ,  s tudy ,  and assessment of technology t r ans -  
f e r  programs s i n c e  t h a t  agency was e s t ab l i shed  by the  Space Act of 1958. 
Through i t s  Tech B r i e f ,  Spec ia l  Pub l i ca t ion ,  Technology Survey, and Regional 
Dissemination Center programs, NASA has been succes s fu l  i n  t r a n s f e r r i n g  the  
r e s u l t s  of aerospace R & D t o  an impressive number of nonaerospace appl ica-  
t i o n s .  

More r e c e n t l y ,  NASA has e s t ab l i shed  a program which uses  an a c t i v e ,  
d i r e c t e d  t r a n s f e r  methodology. I n  t h i s  program, NASA has e s t ab l i shed  t h r e e  
Biomedical Applicat ion Teams (BATeams) and four  Technology Applicat ion Teams 
(TATeams) a t  no t - for -prof i t  research  i n s t i t u t i o n s .  The methodology i s  a c t i v e  
i n  t h a t  s p e c i f i c  problems a r e  i d e n t i f i e d  and s p e c i f i e d  through d i r e c t  con tac t  
wi th  p o t e n t i a l  u se r s  of aerospace technology. The process  i s  d i r e c t e d  i n  
t h a t  t h e  BATeams i n t e r a c t  only wi th  p o t e n t i a l  u s e r s  who a r e  involved i n  reach- 
i ng  s e l e c t e d  n a t i o n a l  ob jec t ives .  These technologies  inc lude  biology and 
medicine f o r  t he  BATeams and a i r  p o l l u t i o n  c o n t r o l ,  water p o l l u t i o n  c o n t r o l ,  
marine sc i ences ,  mine s a f e t y ,  and criminology f o r  t he  TATeams. The t h r e e  
BATeams which have been e s t ab l i shed  by NASA a r e  l oca t ed  a t  t h e  fol lowing 
i n s t i t u t i o n s :  

Research Tr iangle  I n s t i t u t e  
P .  0 .  Box 12194 
Research Tr iangle  Park, North Carol ina 27709 

Midwest Research I n s t i t u t e  
425 Volker Boulevard 
Kansas Ci ty ,  Missouri 64110 

Southwest Research I n s t i t u t e  
8500 Culebra Road 
§an Antonio, Texas 78228  

This  r epo r t  covers the  accomplishments and a c t i v i t i e s  of t he  BATeam 
loca t ed  a t  t he  Research T r i a n g l e  Institute f o r  the p e r i o d  March 15 ,  1969, 
t o  September 30, l970,  I n  the remainder of Sec t ion  1 , 0  a r e  presented 
d i scuss ions  of BATeam ob jec t ives  and methodology. 



( a j  The transfer of a  maxi~num  umber of s p e c i f i c  irrelns 
of a e r o s p a c e  technology t o  medicine  i n  o r d e r  t o  
p a r t i a l l y  o r  f u l l y  s o l v e  problerns i n  b i o l o g y  and 
medicine  ; 

(b) The t r a n s f e r  of ae rospace  technol.ogy 170 medicine  
i n  o r d e r  t o  enhance t h e  urrderstanding of a c t i v e  
p r o c e s s e s  of technology t r a n s f e r ;  and 

( c )  The m o t i v a t i o n  of p o t e n t i a l  a d o p t e r s  of a e r o s p a c e  
technology i n  medic iae ,  o r g a n i z a t i o n s  invo lved  i n  
g e n e r a t i n g  advanced technology,  and i n d i v i d u a l s  
who can i n f l u e n c e  technology t r a n s f e r  programs t o  
become a c  L ive ly  involved i n  Inore comprehensive 
technology u t i l i z a t i o n  programs, 

A d e s c r i p t i o n  of t h e  BATeam Program can be f a c i l i t a t e d  by r e f e r r i n g  t o  
F i g u r e  1, B a s i c a l l y ,  t h e  BATearn r e p r e s e n t s  an  i n t e r f a c e  between medical  
i n v e s t i g a t o r s  and c l i n i c i a n s  and t h e  corpus  of s c i e n t i f i c  and t e c h n o l o g i c a l  
knowledge t h a t  h a s  r e s u l t e d  from t h e  n a t i o n a l  ae rospace  R & D e f f o r t ,  

1 DOCUMENTED 1 

TEAM 
MEMBER 

NASA FIELD 
I c F N T E R  i . i R s o N N i l L  

F igure  I ,  P o s s i b l e  Mechanisms f o r  T r a n s f e r  of Technology, 

The BATeam a.i-tempt; trt corrpf e t h e  t e c h n o l o g i c a l  pro'k?lems and reqr~irements  i n  
rnedici.ne . F ~ I ~ E E I ,  r e l e v a n t  ae rospace  ;:eciznology and,  in partf .cr~l .ar ,  KhSA- 
g e n e r a t e d  tcc'i-~nology. The probielxs and requirements are those be ing  encoua- 
tered i l a  rnec4ica.J. cesea rch  srogi-ams a t -ir.einpt f . i~g go improve  general. mec l i  c a i  prac-- 
tice, The BATearn act ively  erngages in i d e r r t i . f y i i ~ g  these probli.c?ms through 
d i r e c r  c o n t a c t  w i t h  medical  staffs o r  problew o r i g i n a t o r s ,  The i d e n t i f i c a t i o n  
and s p e c i f i c a t i o n  of riiedicai problems i s  fol lowed by a search for technology " 

which may be relevanii  t o  sol . t i t ions Lo these problems, 



Generally, Lechnology relevant to specific problems is identified through 
cwo approiiciles : ( 1  ) rrrai~~sai and t oiilpuler searcliiiig ot tile aerospace infornta- 
tion bank c r ea t ed  by NASA as partoof its R b D effort, and (2) direct contact 
with the engrneering and seilnuific scair'f d-c LtiuSA Field Centers, ieci-mology 
representing potentlal solutions to problems 1s channeled through the BATeam 
to the probiem originator for evaluation and implementation as a solution 
to liis pmbleir~, Aite~l~dtivrly, dnd less frequently, the BATearri escablislres a 
contact between the problem originator and NASA Field Center personnel, and 
the transfer of information between NASA and the medical field becomes more 
direct. The more direct the transfer, the more relevant, accurate, and com- 
plete is this transfer. Thus, the BATeam attempts to create these direct inter- 
changes whenever appropriate and feasible. 

Assistance to the problem originator in implementing solutions to problems 
is an important part of the BATeam program. This assistance may take any one 
of a number of different forms. Direct assistance to the problem originator 
in his efforts to implement a solution is frequently involved. During this 
reporting period, NASA's Technology Utilization Division has utilized a re- 
engineering or adaptive engineering program in the School of Engineering of 
the University of Virginia which is assisting in this program by adapting 
NASA technology to the needs of a limited number of problem originators. 
This adaptive engineering program is directed by Dr. M. L. McCartney of the 
Division of Biomedical Engineering. The BATeams are responsible for identi- 
fying the NASA technology which is potentially a solution to a specific prob- 
lem and for specifying the changes required in this technology. This allows 
the BATeams to demonstrate that the technology is in fact a solution to the 
problem and allows the problem originator to make use of the NASA technology 
in his work. 

The successful transfer of information on aerospace technology to an in- 
dividual or group in the medical field followed by successful implementation 
of the technology with resulting benefits to the accomplishment of some medi- 
cal objective is called a "technology transfer." Also included in the defini- 
tion of technology transfer is the constraint that the medical application 
and objective involved in the transfer be different from the aerospace appli- 
cation and objective for which the technology was originally developed. Thus, 
the accomplishment of technology transfers is indeed a difficult and long-term 
objective. This objective should be distinguished from that involved in a 
program to enhance the diffusion or broad utilization of demonstrated applica- 
tions of technology. Technology transfer involves crossing what may be 
thought of as an "application or objective barrier," and it involves com- 
plete evaluation of the new application; diffusion involves neither of 
these requirements. 

A specific methodology is applied by the BATeam in its efforts to 
effect technology transfers. This methodology is discussed in the following 
section. 

1,3 Methodology 

The methodology used by the BA'I'eam consists of four basic steps: 
problem definition, identification of relevant technology, evaluation of 
rcicvant  t echn i l l ogy ,  and documentation, T h i s  me"codclogy can be better 
understood, however, if it is separated into the stepe shown in Figure 2. 
These steps are described in the following paragraphs. 



DOCUMENTATION 

I 

MANUAL/COMPUTER 
INFORMATION 

CIRCULATION 
OF PROBLEM 
STATEMENT 

TO NASA 
FIELD CENTERS 

EVALUATION OF 
SEARCH RESULTS AND 
PROBLEM STATEMENT 

RESPONSES 

WITH NASA 
FIELD CENTER 

DOCUMENTATION 

I EVALUATION I 
OF POTENTIAL 

APPLICATIONS OF 
DOCUMENTATION 

TECHNOLOGY 

IMPLEMENTATION / 
EVALUATION/ 

F i g u r e  2, Flow C h a r t  of Biomedical Application 
Team Transfer  Methodology. 



ProbLen: Screening - 6Ttective problem screenirng Ibs at Least as important -- - 

to the succ~ss o f  t h e  BATeam program as any of the operational steps identi- 
fied in Figure 2, A r ? a l y a i s  uT the RTI BkC'L'eaaik sacompl i sh~aen t s s  over r;. period 
of three and one-half years indicates clearly thar a very significant frac- 
tion of the problems which have been investigated unsuccessfully could have 
been rejected very early in discussions with the problem originators. Prob- 
lem selection criteria have been developed with the objective being to in- 
crease the probability that a technology transfer can be accomplished for those 
problems accepted by the BATeams. At the present the following criteria are 
being applied : 

(a) Solving the problem would enhance medical diagnosis, treatment, 
or patient care to the extent that implementation and adoption 
would be rapid. 

(b) The problem has been encountered in an ongoing research program 
and is impeding progress of that program. 

(c) Either some unique characteristics of the problem or the problem 
originator indicates that investigating the problem will enhance 
the overall BATeam program. 

(d) Solving the problem is given high priority by the problem origina- 
tor. 

(e) The problem is one of -- at most two being investigated with an 
individual problem originator. (This is violated only in the 
case of mission-oriented group efforts.) 

Problems which do not satisfy these criteria are rejected. Problems may 
also be rejected following partial completion of the next step, problem defi- 
nit ion. 

Problem Definition - The objective of this step is to define precisely 
and accurately the characteristics of the technology required to solve a 
problem. It is important that all necessary constraints are included and-- 
equally important--that no unnecessary constraints are included in character- 
izing the required technology. In many cases, following the characterization 
of required technology, it is found that the problem should be rejected or 
closed for any of a number of reasons, These reasons include, as examples, 
the following: (I) the problem can be solved using commercialLy available 
equipment; (2) the problem cannot be solved, so that an entirely different 
approach is indicated; (3) the real problem i s  medical and not technical in 
nature; and (4) the requirements cannot be specified because insufficient infor- 
mation exists on the objective involved, 



'!ire c ~ i i i  L L : : ; u ! ~  O:L j?~i : lbi . j~i i i?  C ! ~ . . k i L i i ; L ~ ~ i !  .ib L.f!e prei;ar:al.iu~l o f  a prc.ilrler:t 
, T i  st:at ;:pnei~L L i 1 1  '.; ~ > f  ~2~ C - I ~ I { ? I I L  , L < i  ~ J C  < ' O I ? I ~ ~  et -e  I I I L ~ S ~  C U I I ~ - + Y ~ ~ >  (-1 ') :-I (:o!~i~jI.etc? 

c:haraos I.eiie?dctri < > t i  iii $wlidi  i L: i ec j i i lued  i o sil!.vi? ti-te ~)rot ie ; : t ,  and ( 2 )  Lhe re-- 
I .ated rrir+dical proi-?:!err! or o f i j c r t i ~ ~ r e  and i:he benefits to hi? I-e;;lized I:y s o l v i n g  
the py-nhl m i  

L d e n t i f i c a t i o n  of K e i e v a ~ l t  Aerospace 'Technolo$g - Aerospace technology 
whichmay  be r e l e v a n t  t o  t h e  s o l u t i o n  of a  problem i s  i d e n t i f i e d  by t h r e e  
approaches ,  F i r s t ,  a  manual o r  computer s e a r c h  i s  made of t h e  ae rospace  i n -  
fo rmat ion  bank. These s e a r c h e s  a r e  made a t  one of NASA's s i x  Regional  D i s -  
s emina t ion  Cente r s  (RDC). The RUC used by t h e  R T I  BATeam i s  t h e  North C a r o l i n a  
Sc ience  and Technology Research Cente r  (NCSTRC) l o c a t e d  i n  Research T r i a n g l e  
P a r k ,  North C a r o l i n a .  The i n f o r m a t i o n  which can be  a s s e s s e d  through t h e  KnCts 
bank c o n s i s t s  of approximately  700,000 documents, a r t i c l e s ,  and t r a n s l a t i o n s  
which have been a b s t r a c t e d  i n  t h e  Sc ience  and Technology A b s t r a c t  Repor ts  
(STAR) and t h e  I C n t e r ~ ~ a t i . o l ~ a l  Aerospace A b s t r a c t s  (IAA) , Second, yrcjhlem s t a t e -  
ments a r e  c i r c u l a t e d  t o  e n g i n e e r s  and s c i e n t i s t s  a t  NASA F i e l d  Cen te r s  .c~i-~o 
may be  a b l e  t o  i d e n t i f y  r e l e v a n t  technology and sugges t  p o s s i b l e  s o l u t i o n s  
t o  problems. These s t a t e m e n t s  a r e  c i r c u l a t e d  i n  a  h i g h l y  s e l e c t i v e  manner w i t h  
t h e  d i s t r i b u t i o n  be ing  determined by t h e  BATeam, Technology U t i l i z a t i o n  O f f i -  
c e r s  (TUO) a t  t h e  NASA F i e l d  C e n t e r s ,  and o t h e r  i n d i v i d u a l s  a t  t h e  F i e l d  
C e n t e r s ,  T h i r d ,  t h e  RATeam i n  some c a s e s  contact:s i n d i v i d u a l s  a t  t h e  F i e l d  
C e n t e r s  d i r e c t l y  w-it:ilout: c i - r c u l a t i n g  problem s t a t e m e n t s ,  Th i s  i s  done when 
a  BATeam member can i d e n t i f y  a  r e l a t i v e l y  few i n d i v i d u a l s  a t  t h e  F i e l d  Cen- 
ters who a r e  l i k e l y  t o  have a  good overview of a l l  work be ing  done which i s  
r e l a t e d  t.o tfre requ i rements  of a  s p e c i f i c  problem. 

F i r s t  E v a l u a t i o n  -- .- A l l  p o t e n t i a l l y  r e l e v a n t  technology i d e n t i f i e d  i n  
t h e  p reced ing  s t e p  i s  e v a l u a t e d  by t h e  BATeam t o  de te rmine  whether  a  p o t e n t i a l  
s o l u t i o n  co a s p e c i f i c  problem h a s  been found. Those i t e m s  of technology 
which r e p r e s e n t  p o t e n t i a l  s o l u t i o n s  t o  problems a r e  p r e s e n t e d  t o  problem 
o r i g i n a t o r s  d long  w i t h  a v a i l a b l e  s u p p o r t i n g  d a t a  and i n f o r m a t i o n ,  Any r e q u i r e d  
r e e n g i n e e r i n g  and d e t a i l s  of implementing t h e  p o t e n t i a l  s o l u t i o n s  a r e  d i s c u s s e d  
w i t h  t h e  problem o r i g i n a t o r .  

Second E v a l u a t i o n  - Tlie problem o r i g i r l a t o r  must t h e n  e v a l u a t e  porreri t ial  
s o l u t i o n s .  H i s  d e c i s i o n  t o  implement a  proposed s o l u t i o n  w i l l  depend upon a  
number of f a c t o r s :  (1) h i s  assessment  of t h e  v a l i d i t y  of t h e  proposed poten- 
t i a l  s o l u t i o n ,  ( 2 )  t h e  c o s t  of implementing t h e  p o t e n t i a l  s o l u t i o n ,  (3) t h e  
p o t e n t i a l  b e n e f i t s  t o  be  ga ined ,  e t c .  The BhTeanl may be asked t o  supply add i -  
t i o n a l  i n f o r m a t i o n  and t e c h n i c a l  d e t a i l s  i n  t h i s  e v a l u a t i o n .  

Implementat ion,  F i n a l  E v a l u a t i o n ,  Adoption - The f i n a l  s t e p  i n  t h e  
t r a n s f e r  p r o c e s s  i s  tlle implementat ion and exper imenta l  e v a l u a t i o n  of p o t e n t i a l  
s o l u t i o n s ,  The BATeam i s  a v a i l a b l e  f o r  a s s i s t a n c e  i n  t h i s  s t e p  when r e q u i r e d .  
Hopefu l ly ,  eirhc2.n a p o t e n t i a l  s o l u t i o n  i s  shown t o  be  a  v a l i d  s o l u t i o n  t o  a 
problem, L h i s  s o l u t i o n  i s  adopted by t h e  & ~ r o b l ~ n i  o r i g i n a t o f  and t h e  t r a n s f e r  
i s  completed,  

~ o ~ i i i l 1 ~ 1 i t a t i Q i i  - -  13iocurnentatioi?. i s  a n  . i n t e g r a l  p a r t  of the BBATean met:hodo- -- - .. . . - .- 
logy; i f ~ .  i s  involveci a t  n i i l s t  s t e p s  i n  the p r o c e s s ,  a s  ind : icn te i i  i.n F i g u r e  2, 
ijocuincri~at:ii?ii a l l o w s  ai ia iysis  o f  ike transfer p r o c e s s  and. assessment o r  t/iil: 

program i n  geireral.. At pieserilr  , t h e  BATearris r e p o r t  on a weekly,  nlonchiy, and 
semiailnuaf schedixle, E f f e c t i v e  communication i s  r e q u i r e d  between BATeams, 
potenti-al .  prohl.em o r i g i . n a t o r s ,  and. o t h e r  i n d i v i d u a l s  who a r e  i n  a pcisii-ion t o  
riiaiie use  (06; ir!forrncii:i.ou? r e su l t - i r ?g  from t r a n s f e r s  accomplished b y  Ltle KATearns. 





The RTL BLCrearn Fs a intaltidfsca~>linary g r c ~ i ~ p  o f  el~gineers  and s c i e r a t ? s t s ,  
The e d u c a t i o n a l  backgrounds of t h e  group are i n  p h y s i c s  and e l e c t r i c a l  engi-  
rzeering; t h e i r  exp-erieni:e islclrades i . ~ ~ ( i ~ l s t r i a ' i ,  e d u c a ~ j  orraL, and r e s e a r c h  a t  
b o t h  b a s i c  and a p p l i e d  l e v e l s ,  The i n d i v i d u a l s  who have p a r t i c i p a t e d  i n  t h e  
BATeam program d u r i n g  t h e  r e p o r t i n g  p e r i o d  a r e :  

Name 

D r .  J.  N, Brown, Jr,  E l e c t r i c a l  Engineer  Labora to ry  S u p e r v i s o r  
D r .  F. T .  Wooten E l e c t r i c a l  Engineer  Team D i r e c t o r  
M r .  E, H a r r i s o n ,  Jr. M a t e r i a l s  S c i e n t i s t  S o l u t i o n  S p e c i a l i s t  
D r ,  G. S. Hayne P h y s i c i s t  S o l u t i o n  S p e c i a l i s t  
M r ,  E, W e  Page E l e c t r i c a l  Engineer  S o l u t i o n  S p e c i a l i s t  
M r .  B e  W. Crissman Geophys ic i s t  Doeuinen t a t  i o n  
M r s .  Mary Carpen te r  Research A s s i s t a n t  Documentat i o n  

The exper ience  and s p e c i a l  c a p a b i l i t i e s  of o t h e r  i n d i v i d u a l s  a t  ICTI--particu- 
l a r l y  t h e  Engineer ing  and Environmental  S c i e n c e s  Divis ion--are  f r e q u e n t l y  used 
a s  needed i n  t h e  BATearn program. 

At p r e s e n t ,  t e n  medical  i n s t i t u t i o n s  a r e  p a r t i c i p a t i n g  i n  t h e  RTI BATeam 
program. These i n s t i t u t i o n s  a r e  a s  f o l l o w s :  

Duke U n i v e r s i t y  Medical  Cen te r ,  Durham, North C a r o l i n a ;  
( I n c l u d i n g  Vete rans '  A d m i n i s t r a t i o n  H o s p i t a l ,  Durham, North C a r o l i n a ) ;  

Bowman Gray School  of Medicine of t h e  Wake F o r e s t  U n i v e r s i t y ,  Winston- 
Salem, North C a r o l i n a ;  

U n i v e r s i t y  of North C a r o l i n a  Medical  School ,  Chapel H i l l ,  North C a r o l i n a ;  

U n i v e r s i t y  of North C a r o l i n a  Denta l  School ,  Chapel H i l l ,  North C a r o l i n a ;  

I n s t i t u t e  o f  R e h a b i l i t a t i o n  Medicine,  New York U n i v e r s i t y ,  New York, 
New York; 

North C a r o l i n a  S t a t e  U n i v e r s i t y ,  R a l e i g h ,  North C a r o l i n a ;  

Ochsner C l i n i c  and Foundat ion,  New O r l e a n s ,  L o u i s i a n a ;  

Tulane U n i v e r s i t y  Fledieal School ,  New O r l e a n s ,  L o u i s i a n a ;  

N a t i o n a l  Cancer I n s t i t u t e  of t h e  N a t i o n a l  I n s t i t u t e s  of H e a l t h ,  
Bethesda,  Maryland; 

Brookdale Hospi ta l  Cen te r ,  M u l t i p h a s i c  H e a l t h  Screen ing  C l i n i c ,  
B r o o k L p ,  New Vork, 

PLgirre 3 s h o u s  ::I- i ;e i )gcdpl i i~r ; l  d i d  ~ i b u ~ i o f i  (~ . f  the RTL UiBriiarn user 
institutions as e l e l l  as t he  Loca t ion  of the  major NASA resources, 



The RTL Team is assisted at various stages of the transfer process by 
consultants dm are on the medical staff at participa"cr1g institutions, These 
cortsulkants o r  c ~ r i ~ i i u r r i c a t ~ r n  coordinate BAT'eam activities attheir i n s t i t u t i o n s  
and assist BATeam iize~mhers p r i m a r i l y  irz problem definition and evaluation of 
potential solurious, At present, the following individuals are consuEtants 
to the RlCl BA'ream: 

Name Specialty 

Dr, E ,  A. Johnson Cardiac Physiology 
Duke University Medical Center 

Dr. George S, Malindzak, Jr. Physiology 
Bowman Gray School of Medicine of 
the Wake Forest University 

Professor Hal C, Becker Radiology 
Tulane University Medical School 

Mr. William Z. Penland 
National Cancer Institute 

Engineering 

Mr. Myron Youdin Engineering 
Institute of Rehabilitation Medicine 
New York University 

In addition, Dr. T ,  C. Pilkington and Dr. F. E .  Thurstone, Biomedical Engineer- 
ing Division, Duke University, are assisting the RTI BATeam in investigating 
the potential for transferring NASA digital computer applications programs 
to applications in medicine. 

Individuals at the following institutions have participated on certain 
special problems: 

Louisiana State University School of Medicine, New Orleans, 
Louisiana ; 

Medical College of Virginia, Richmond, Virginia; 
National Communicable Disease Center, Atlanta, Georgia; 
National Institute of Mental Health, Washington, D. C.; 
North Carolina Department of Vocational Rehabilitation, Winston- 
Salem, North Carolina; 

University of Mississippi Medical School, Jackson, Mississippi. 

Problems at each institution are coded by a letter and number symbol 
(e.g., DU-49), and the coding for each institution or special problem area 
is as follows: 

BH - 
CP - 
DU - 
IXM - 
K V  - 
MISC - 
NCI - 
NCSU - 
NCVR - 

Brookdale Hospital Center 
Computer software-type problem 
Duke University School of Medicine 
Institute of Rehabi1ita"cion Medicine at New York University 
Medical College of Virginia 
14iscellaneous 
National Cancer Institute 
North Carolina State University 
North Carolina Department of Vocational Rehabilitation 
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Problem Statement  - Tki i s  is a concise wri.tten statement of a problem which -- 
is used for cun~municatiiiig ( 9 )  sufficient details to allow a computer search to 
be performed by the information search specialists, and (2) sufficient infor- 
mation to enable NASA engineers and scierltists to consider possible solutions 
to the problem, 

- This is a computerized information search 
of the aerospace information bank established by NASA and made available through 
six Regional Dissemination Centers in the United States. This information 
bank consists of the approximately 700,000 documents which have been indexed 
and abstracted in the Science and Technical Abstract Reports (STAR) and 
International Aerospace Abstracts (IAA). Applications engineers at these 
centers design search strategies using information in problem statements. 
These search strategies allow the identification of those documents in the 
information bank which are relevant to the solution of a specific problem. 

Impact - Information is transferred to a problem originator with the 
result that he changes his activities in a way that enhances his progress 
toward a medical objective. An impact is thus analogous to a technology 
transfer except that one or more of the requirements for a technology trans- 
fer are not satisfied, 
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2,0 SUmjARY AND Pd12iAL,VST S OF TECHNOLOGY TRAIJSFERS 

2,1 I n t r o d u t t f o n  and Sumary 

During the period March 15, 1970, to Septexber 30, 1970, the RTI 
Biomedical Application Team documented and reported to NASA eleven potential 
technology transfers and two impacts. All of the potential technology trans- 
fers were active as of September 30, 1970, and are listed in Table 1. 

As defined in Section 1.5, a technology transfer is "the implementation 
and adoption of an item of aerospace technology by a problem originator to 
partially or fully solve a problem in biology or medicine. The medical appli- 
cation involved is one that is different from the one for which the aerospace 
technology was originally developed." Also, in the Introduction, an impact 
is defined as "the transfer of information to a problem originator with the 
result that he changes his activities in a way that enhances his progress 
towards a medical objective. An impact is thus analogous to a technology 
transfer except that one or more of the requirements for a technology trans- 
fer is not satisfied. 

The definition of a technology transfer set forth in this report is not 
new. It has been proposed and discussed frequently but rarely applied rigor- 
ously. The reader should keep in mind that, although the transfer as it is 
defined here can be conceptualized easily, it is very difficult to implement. 
Thus, the impact was introduced in December, 1969, in order to allow more of 
the positive output of the BATeam to be documented and reported, and at the 
same time, allow the term "transfer" to be applied rigorously according to 
the definition given above. Introduction of the impact allows a clearer 
statement of the objective of the BATeam program. That objective is the 
accomplishment of transfers and not impacts. The impact is of value, but 
only in a secondary manner. 

The present definition of a transfer is somewhat different from the 
definition used early in the BATeam Program. The increased emphasis on 
the new and tighter definition of a transfer requires more concrete evi- 
dence of implementation and use of NASA technology. During this reporting 
period, the RTI BATeam has continued to place emphasis on accomplishment 
of actual transfers but has delayed the.reporting of a transfer in many 
cases until a later date in the implementation process. Thus, many of the 
problems reported in this report as potential transfers would have been 
documented as transfers in earlier reports. However, it should be realized 
that this new and more rigorous definition of a transfer will not prevent 
any of the real accomplishments of the program, but, in fact, will simply 
delay the date at which a transfer is reported. 

2.2 Discussion and Analysis of Potential Transfers and Impacts 

The potential transfers listed in Table 1 are significant problems 
in which implementation appears highly likely. For example, NCL-3 concerns 
the use of an ear oximeter which was designed for use on astronauts and which 
appears to solve the needs of a researcher at the National Cancer Institute 
in clinically monitoring the blood pressure of critically ill patients. The 
ear oximeter is presently being reconditioned at the NASA Ames Research 
Center and clinical trials are expected to begin in the near future, 



Table I, P o e e n t i a l  Transfers and Impacizs Eor the Per iod  
March 1 5 ,  1970, t o  September 30,  1970 

Impacts 

A p p l i c a t i o n s  of Image P r o c e s s i n g  Techniques i n  Radiography 

High I n t e n s i t y  S o f t  X-ray Sources 

P o t e n t i a l  T r a n s f e r s  

Urine  Flowmeter 

Temperature Measurement on a  Small  Bra in  Probe 

Improved Mechanical  R e s p i r a t o r s  

Blood P r e s s u r e  Measurement 

C o n t r o l l e d  Rate  of Freez ing  a  L iqu id  

E l l i p t i c a l  Lens 

Ur inary  Detec t  i o n  

R e s p i r a t o r y  Rate  Efeasurement 

A F i l t e r  t o  S e p a r a t e  P h y s i o l o g i c  Data Occurr ing a t  
Nominal Hear t  Ra tes  from Lower Frequency Data 

Accurate  Determinat ion of A r t e r i a l  P r e s s u r e  P u l s e  T r a n s i t  
Time 

Animal R e s t r a i n t s  f o r  Pr imates  



Lu Prolriesr 'fU-2 3 ~ 1  rrnpedance pnei~itiograph designed f o r  u s e  on 6kre Gemini 
s p a c e c r a f t  i s  b e i n g  used t o  nreasure r e s p i r a t i o n  r a t e  of c h i l d r e n  i n  a c l i n i -  
ca 1 er;:'lronaietit, The u s e  of c h i s  e q u i p n ~ e n t h a s  already s o l v e d  che b a s i c  
problem, LuL Lhe Bk'feam i s  w a i t i n g  un t l l .  a  t e l e m e t r y  sys tem i s  i n c o r p o r a t e d  i n  
the u n i t  and i t  i s  e v a l u a t e d  i n  t h e  c l i n i c a l  environment b e f o r e  r e p o r t i n g  
i t  2s an a c t h a l  t r a n s f e r .  T L f s  u n i t  w i l l  e n a b l e  a  r e s e a r c h e r  t o  measure 
t h e  r e s p i r a t i o n  r a t e  of c h i l d r e n  i n  a more n a t u r a l  p l a y  environment wi thou t  
d i s t u r b i n g  t h e  c h i l d .  I n  a d d i t i o n  t o  o b t a i n i n g  c l i n i c a l  d a t a  r e g a r d i n g  t h e  
r e s p i r a t o r y  r a t e  of c h i l d r e n  w i t h  r e s p i r a t o r y  d i s e a s e s ,  t h e  r e s e a r c h e r  can 
a l s o  de te rmine  normal b r e a t h i n g  rates f o r  young c h i l d r e n .  

I n  Problem NCI-8, a  need e x i s t e d  f o r  a  means of d e s i g n i n g  a n  e l l i p t i c a l  
l e n s  t o  b e  used i n  b a s i c  r e s e a r c h  a t  t h e  N a t i o n a l  Cancer I n s t i t u t e .  Th i s  
problem a p p e a r s  t o  have been s o l v e d  by u s i n g  a computer program developed 
a t  NASA's Marsha l l  Space F l i g h t  Cen te r  f o r  d e s i g n i n g  complex o p t i c a l  s u r f a c e s .  
The computer program now b e i n g  used at  t h e  N a t i o n a l  Cancer I n s t i t u t e  a p p e a r s  
t o  have s o l v e d  t h i s  problem, 

I n  Problem DU-48, a medical  r e s e a r c h e r  h a s  a  p o t e n t i a l  s o l u t i o n  t o  h i s  
problem of measuring u r i n e  f low i n  b o t h  b a s i c  r e s e a r c h  programs and c l i n i c a l  
s t u d i e s ,  The d e v i c e  t o  be  used was o r i g i n a l l y  developed by a  NASA c o n t r a c t o r  
and n e g o t i a t i o n s  a r e  under way r e g a r d i n g  a c o n t r a c t  t o  b u i l d  a  u n i t  f o r  t h e  
medical  r e s e a r c h e r .  

I n  Problem WF-67, a medica l  r e s e a r c h e r  was i n t e r e s t e d  i n  s e p a r a t i n g  
h e a r t  rate i n f o r m a t i o n  from "noise"  a p p e a r i n g  on t h e  EKG s i g n a l  and o r i g i -  
n a t i n g  w i t h  r e s p i r a t o r y  f u n c t i o n .  A t e c h n i q u e  developed a t  NASA's Ames 
Research Cente r  f o r  s e p a r a t i n g  p h y s i o l o g i c a l  s i g n a l s  hav ing  similar f requency 
s p e c t r a  is be ing  a p p l i e d  t o  t h i s  problem. 

The two impac t s  t h a t  o c c u r r e d  p robab ly  would have been c a l l e d  t r a n s f e r s  
i n  p r e v i o u s  r e p o r t s  u s i n g  t h e  o l d e r  d e f i n i t i o n  of t r a n s f e r s ,  b u t  t h e s e  c a s e s  
a r e  now r e p o r t e d  a s  impac t s  because  t h e y  do n o t  meet t h e  p r e s e n t  d e f i n i t i o n ;  
however, i n  b o t h  of r h e s e  c a s e s ,  a r e s e a r c h e r  used i n f o r m a t i o n  gained from 
t h e  BATeam i n  o r d e r  t o  p r e p a r e  p r o p o s a l s  t o  t h e  N a t i o n a l  I n s t i t u t e s  of H e a l t h  
f o r  r e s e a r c h  p r o j e c t s  on systems approaches  t o  h a n d l i n g  X-ray d i a g n o s t i c  
images i n  medica l  r a d i o l o g y .  The medica l  r e s e a r c h e r  regarded  t h e  d a t a  s u p p l i e d  
by t h e  BATeam as i n s t r u m e n t a l  i n  s u p p o r t i n g  h i s  r e s e a r c h  g r a n t  r e q u e s t s .  

2.3 Sources  o f  S o l u t i o n s  o f  P o t e n t i a l  T r a n s f e r s  

The s o u r c e s  of s o l u t i o n s  f o r  t h e  p o t e n t i a l  t r a n s f e r s  accomplished 
d u r i n g  t h e  r e p o r t i n g  p e r i o d  demons t ra te  t h e  s u c c e s s  of t h e  s h i f t  i n  BATeam 
emphasis from i n f o r m a t i o n  s e a r c h i n g  t o  F i e l d  Cen te r  c o n t a c t s  ( d i r e c t l y  and by 
problem s t a t e m e n t , )  Of t h e  e l e v e n  p o t e n t i a l  t r a n s f e r s ,  seven  s o l u t i o n s  were 
o b t a i n e d  by d i r e c t  contact .  w i t h  t h e  F i e l d  Center  s t a f f ,  Two problems were 
s o l v e d  by problem s t a t e m e n t  r e s p o n s e s  and one problem was s o l v e d  by a manual 
i n f o r m a t i o n  s e a r c h ,  3ne p o t e n t i a l  t r a n s f e r  was o b t a i n e d  u s l n g  a  computer ized 
s e a r c h ,  T h u s ,  it c a n  be  seen that d i r e c t  c o n t a c t  with F i e l d  Cen te r  s t a f f  r e -  
s u l t e d  i n  more t h a n  60% of the s o l u t i o n s  w k i l e  computer infor~na-i-ion searching 
r e s u l t e d  rin on1 y 9c%, of t h e  solutions, Thi s  s s i  ut ion data sample, a l though  
s m a l l ,  v a l i d a t e s  the b a s i c  BATeam p h i l o s o p h y  t h a t  p e r s o n a l  and d i r e c t  c o n t a c t s  
w i t h  F i e l d  Cen te r  ~ ; t a f f  i s  t h e  b e s t  approach t o  i d e n t i f y  a e r o s p a c e  technology 
hav ing  p o t e n t i a l  vztlue i n  t h e  medica l  f i e l d ,  



2 4 -Analysis c,f P ~ e v i o u s  T r s n s f  ers 

Ln addr'klorl eo colns~de-r-iug the accoinpL~sknienLs of  the bA?'eam c i u i l l ~ g  
t h e  r e p o r t i n g  p e r i o d ,  i t  i s  i n f o r m a t i v e  t o  a n a l y z e  t h e  BATeam e t f o r t s  o v e r  a 
l o n g e r  p e r i o d  of L i m e .  Th i s  s e c t i o n  of t h e  r e p o r t  a n a l y z e s  t r a n s f e r s  t h a t  
have occur red  s i n c e  che eseabljshmenc of  he BATeam a c   he Research T r i a n g l e  
I n s t i t u t e  i n  J u n e ,  1966. Tab le  2 shows t h e  number of t r a n s f e r s  accomplished 
and new problems i d e n t i f i e d  as a  f u n c t i o n  of c o n t r a c t  y e a r .  Note t h a t  i n  t h e  
i n i t i a l  s t a g e  of t h e  BATeam a c t i v i t y ,  t h e  r a t i o  of t r a n s f e r s  t o  new problems 
w a s  much lower t h a n  i n  l a t e r  y e a r s .  During t h e  f i r s t  c o n t r a c t  y e a r ,  107 new 
problems were a c c e p t e d ,  and t h i s  number c o n t i n u a l l y  decreased  u n t i l  t h e  c o n t r a c t  
y e a r  1968-1969 i n  which 53 new problems were accep ted .  Due t o  a n  i n c r e a s e  i n  
fund ing ,  t h e  number of new problems a c c e p t e d  was i n c r e a s e d  t o  83  i n  t h e  c o n t r a c t  
y e a r  1969-1970. The apparen t  r e d u c t i o n  i n  number of t r a n s f e r s  i n  t h e  1969-1970 
c o n t r a c t  y e a r  i s  due t o  t h e  change i n  t h e  d e f i n i t i o n  of t r a n s f e r s  as d i s c u s s e d  
i n  t h e  p reced ing  s e c t i o n .  

Tab le  3 shows t h e  number of t r a n s f e r s  as a  f u n c t i o n  of c o n t r a c t  q u a r t e r  
f o r  each of t h e  c o n t r a c t  y e a r s .  P rev ious  RTI BATeam r e p o r t s  (Ref. 1 , 2 )  have 
shown t h a t  t h e r e  i s  a s i g n i f i c a n t  v a r i a t i o n  i n  BATeam a c t i v i t y  a s  a  f u n c t i o n  
of c o n t r a c t  q u a r t e r .  These d a t a  have been updated i n  Tab le  3 ,  and t h e  p rev ious -  
l y  e s t a b l i s h e d  p a t t e r n  h a s  con t inued  through t h e  l a t e s t  c o n t r a c t  y e a r .  Note 
t h a t  t h e  f i r s t  q u a r t e r  t r a d i t i o n a l l y  h a s  t h e  lowes t  l e v e l  of a c t i v i t y .  Th i s  
i s  d u r i n g  t h e  summer months when a c t i v i t y  a t  most medical  i n s t i t u t i o n s  s l a c k e n s  
s i g n i f i c a n t l y ,  The reason  f o r  t h i s  i s  t h e  f a c t  t h a t  most medical  i n s t i t u t i o n s  
a r e  geared t o  an  academic y e a r  such t h a t  t h e  summers a r e  r e s e r v e d  n o t  o n l y  f o r  
v a c a t i o n s  b u t  a l s o  f o r  p r o f e s s i o n a l  t r a v e l i n g .  The most s i g n i f i c a n t  accomplish- 
ments o c c u r r e d  d u r i n g  t h e  t h i r d  c o n t r a c t  q u a r t e r  which i s  t h e  middle  of t h e  
w i n t e r  when t h e  major a c t i v i t y  i n  medical  i n s t i t u t i o n s  o c c u r s .  

An a n a l y s i s  of c a t e g o r i e s  of technology t r a n s f e r r e d  d u r i n g  t h e  l a t e s t  
complete c o n t r a c t  y e a r  (June 1969-June 1970) i s  g iven  i n  Tab le  4 and i s  com- 
pared w i t h  t h e  r e s u l t s  of t h e  p reced ing  c o n t r a c t  y e a r s .  Note t h a t  i n  t h e  l a t e s t  
c o n t r a c t  y e a r  t h e  m a j o r i t y  of t h e  t r a n s f e r s  were i n  t h e  s e n s o r  and ins t rumenta -  
t i o n  c a t e g o r y .  It i s  s u r p r i s i n g  t o  n o t e  t h e  l a r g e  i n c r e a s e  i n  t h e  p e r c e n t a g e  
of t r a n s f e r s  i n  t h e  m a t e r i a l s  technology a r e a .  M a t e r i a l s  technology accounted 
f o r  33% of t h e  t r a n s f e r s  d u r i n g  t h e  most r e c e n t  c o n t r a c t  y e a r ;  t h i s  i s  a  f i v e -  
f o l d  i n c r e a s e  over  t h e  t h r e e  p r i o r  c o n t r a c t  y e a r s .  A s l i g h t  d e c r e a s e  was s e e n  
i n  t h e  number of t r a n s f e r s  i n  t h e  "approach" c a t e g o r y .  T h i s  i s  t h e  c a t e g o r y  
i n  which t h e  BATeam is  asked f o r  an  approach t o  t h e  problem a s  opposed t o  a  
problem f o r  which t h e  r e s e a r c h e r  h a s  a l r e a d y  dec ided  on t h e  approach t o  t h e  
problem and wants  t o  know of any a e r o s p a c e  technology u t i l i z i n g  t h i s  p a r t i c u -  
l a r  approach.  

The BATeam a l s o  needs t o  s t u d y  c a r e f u l l y  t h e  s o u r c e s  of i n f o r m a t i o n  involved 
i n  t r a n s f e r s  i n  o r d e r  t o  de te rmine  t h e  optimum s e a r c h  s t r a t e g y  t o  b e  employed 
i n  problem s o l v i n g .  Table  5 d e l i n e a t e s  t h e s e  s o u r c e s  of s o l u t i o n s  by c o n t r a c t  
y e a r ,  The m a j o r i t y  of t h e  s o l u t i o n s  have come from manual i n f o r m a t i o n  sea rch-  
i n g .  Manual i n f o r m a t i o n  s e a r c h i n g  i n c l u d e s  a v a r i e t y  of t y p e s  of s e a r c h i n g  
such as manual s e a r c h e s  of STAR and IAA a s  w e l l  as p e r s o n a l  c o n t a c t s  w i t h i n  
t h e  BkSA Field Centers, Tlius, if a BATeam c a l l s  a F i e l d  Cen te r  and asks for 
infosrnat ion directly, & i s  is c o n s i d e r ~ d  a i n a ~ ~ u d %  search, Compt1ter  searches 
d u r i n g  the p a s t  y e a r  r e s u l t e d  i n  t h e  same n u d e r  af t r a n s f e r s  a s  d i d  r e s p o n s e s  
from r e p o r t s  and t h e  e x p e r i e n c e  of t h e  BATeam, Problem s t a t e m e n t  c i r c u l a t i o n  
r e s u l t e d  i n  6,7% of t h e  t r a n s f e r s  d u r i n g  t h e  1969-1970 p e r i o d ,  T h i s  i s  ex- 
pected t o  i n c r e a s e  d u r i n g  t h e  upcoming year  because  of i n c r e a s e d  r e l i a n c e  on 



Tab Lz 2, Transfers and New Problems as a Function 
of Contrrac-i-, Year- (June 15-Jnne 14) 

CONTRACT 
YEAR -- TRANSFERS 

NEW 
PROBLEMS 

T a b l e  3 .  T r a n s f e r s  a s  a F u n c t i o n  of  C o n t r a c t  Q u a r t e r  
f o r  t h e  C o n t r a c t  Years 

CONTRACT QUARTER 

CONTRACT YEAR 1" 29:" 3 " ~  49:""" 

1966-1967 0 1 3 0 

19  70- 

T o t a l s  

.L - J u n e ,  J u l y ,  and August 

** - September,  Oc tober ,  and November 

fe$p:k - December, January, and February 
.-- *?A LL March, A p r i  1, and May 



Table  4. Transfers Categor ized  by Periods 

ZATEGOKII PERCENT 

June 1966-June 1969 June 1969-June 1970 

I. Approach 27 20 

11. Sensors and Instrumentation 5 2 40 

111. Materials Technology 6.2 3 3 

IV. Experimental Data 

SOURCE 

A. Problem Abstract 

B. Report Response 

C. Computer Search 

D. Manual Search 

E . Experience 

F. Commercial 

Table 5. Sources of Solution for Transfers 

PERCENT OF TRANSFERS 

June 1966-June 1969 June 1969-June 1970 



this valuable tool. The number of problerns solved by commercially available 
equipment will decrease to zero dnring the upcoming year because this category 
of "transfer" is now called an impact instead of a transfer, 
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3.0 SUl.PMY iiMD AEALYSIS OF PROBLEMS IPIVESTTGATEII BY THE: BIOMEDICAL 
PSPL,LCATlON TEAM 

The importance of an  a n a l y s i s  of t h e  problems i n v e s t i g a t e d  by t h e  
BATearn and an  assessment  of t h e  e f f e c t i v e n e s s  of t h e  BATeam i n  a p p l y i n g  t r a n f e r  
methodology i s  second o n l y  t o  a n  a n a l y s i s  of t h e  BATeamfs s u c c e s s  i n  ach iev-  
i n g  technology t r a n s f e r s .  I n  t h i s  s e c t i o n  t h e  problems a c c e p t e d ,  r e j e c t e d ,  
and c l o s e d  d u r i n g  t h e  r e p o r t i n g  p e r i o d  and t h e  problems a c t i v e  a t  t h e  end of 
t h i s  pe r iod  a r e  summarized. These d a t a  a r e  t h e n  ana lyzed  p r i m a r i l y  t o  d e t e r -  
mine t h e  e f f e c t i v e n e s s  o f  t h e  BATeam i n  a c c e p t i n g  problems a p p r o p r i a t e  f o r  
i n v e s t i g a t i o n  and t o  q u a n t i t a t i v e l y  assess t h e  p o t e n t i a l  impact which could  
r e s u l t  from s o l v i n g  a c t i v e  problems. 

3.1 Problems Accepted,  R e j e c t e d ,  and Closed 

During t h i s  r e p o r t i n g  p e r i o d ,  t h e  RTI BATeam a c c e p t e d  30 problems,  
r e j e c t e d  11 problems, and c l o s e d  1 4  problems. A problem s t a t e m e n t  f o r  each  
of t h e s e  problems i s  p r e s e n t e d  i n  Appendix D .  The back log  of problems was 
i n c r e a s e d  by 1 6 ,  and t h e s e  d a t a  a r e  summarized f o r  each p a r t i c i p a t i n g  i n s t i t u -  
t i o n  i n  Table  6 .  I n  t h i s  t a b l e ,  t h e  change i n  t h e  number of a c t i v e  problems, 
AP, a t  each i n s t i t u t i o n  is  a l s o  shown. It i s  c l e a r  t h a t  problem a c t i v i t y  i s  
d e c r e a s i n g  a t  c e r t a i n  i n s t i t u t i o n s  and i n c r e a s i n g  a t  o t h e r s :  f o r  example, 
t h e  major i n c r e a s e s  a r e  a t  Tulane U n i v e r s i t y  and Wake F o r e s t  U n i v e r s i t y .  
The l a r g e  i n c r e a s e  a t  Tulane U n i v e r s i t y  r e f l e c t s  t h e  s t r o n g  BATeam program 
i n  e x i s t e n c e  a t  Tulane a t  t h i s  t i m e .  The major d e c r e a s e  i n  problem a c t i v i -  
t y  occur red  a t  Duke U n i v e r s i t y  which i s  a  u s e r  i n s t i t u t i o n  t h a t  h a s  p a r t i -  
c i p a t e d  i n  t h e  program f o r  f o u r  y e a r s ;  moreover, i t  i s  a n t i c i p a t e d  t h a t  
problem a c t i v i t y  w i l l  i n c r e a s e  d u r i n g  t h e  upcoming y e a r .  I n  a d d i t i o n ,  minor 
f l u c t u a t i o n s  a r e  noted a t  many of t h e  o t h e r  u s e r  i n s t i t u t i o n s .  

The d a t a  i n  Tab le  6  a r e  v e r y  i n t e r e s t i n g  and g i v e  an  a c c u r a t e  p i c t u r e  
of t h e  r e d i r e c t i o n  of BATeam e f f o r t .  But i t  is  a l s o  c o n s t r u c t i v e  t o  a n a l y z e  
t h e  reasons  t h a t  problems have been c l o s e d .  T h i s  a l l o w s  an  assessment  of 
t h e  s u c c e s s  of t h e  BATeam i n  s c r e e n i n g  problems and i n  accomplishing 
technology t r a n s f e r s .  Tab le  7 shows an  a n a l y s i s  of t h e  problems c l o s e d  f o r  
e a c h  of t h e  problem c l o s u r e  c a t e g o r i e s .  Th i s  t a b l e  i s  p a r t i c u l a r l y  i n t e r e s t -  
i n g  i n  t h a t  i t  shows t h e  s h i f t  i n  r e a s o n s  f o r  c l o s i n g  problems d u r i n g  t h e  
o p e r a t i o n  of t h e  BATeam f o r  3 1 / 2  y e a r s .  The major r e a s o n s  f o r  c l o s i n g  prob- 
l e m s  a t  t h i s  t ime a r e  seen t o  b e  Category C and Category K .  Category C 
(Researcher  Has Found H i s  Own S o l u t i o n )  i n d i c a t e s  t h a t  t h e  r e s e a r c h e r  con- 
t i n u e s  t o  seek  a s o l u t i o n  d u r i n g  t h e  e n t i r e  t ime t h a t  t h e  BATeam i s  
o p e r a t i n g .  T h i s ,  of c o u r s e ,  i s  a  p o s i t i v e  approach and i s  t o  b e  encouraged. 
T h i s  i n d i c a t e s  t h a t  t h e  r e s e a r c h e r  i s  a c t i v e l y  i n t e r e s t e d  i n  t h e  problem. 
The reason  f o r  t h r  s i g n i f i c a n t  i n c r e a s e  i n  Category K (Problem P r i o r i t y  Too 
I,o\;/) can possibly be a t t r i b u t e d  to a r e d u c t i o n  i n  funds  a v a i l a b l e  f o r  b i o -  
medical  r e s e a r r h ,  The s i g n i f i c a n t  r e a l l o c a t i o n  of funds  f o r  medical  r e s e a r c h  
has caused s cor responding  real i locakion of nrnblenr p r i o r i t i e s  kii rjredical 
i n s t i i u t i c s n s  which ~ r o b a b l y  a f f e c t s  t h i s  c a t e g o r y ,  

The apparen t  r e d u c t i o n  i n  t h e  number of problems c l o s e d  i n  Category A 
( T r a n s f e r  Accomplished) does  n o t  imply t h a t  t r a n s f e r s  a r e  no Longer be ing  

2 1 



Table 6 ,  ProbPen~s  ~ c s e p t r d ,  Kejeeced, and Closed  
Dur ing  rhe E e r ~ o d  March 1 5 ,  1970,  t h rough  
September 30, 1978 

Problems 
R e j  ect-ed 

Problems 
Closed 

I n s t i t u t e  of Rehabil i ta  taun, Medicine 

Medbcal C ~ l l e g e  of V i r g i n i a  

Misce l l aneous  

N a t i o n a l  Cancer L n s t i t u t e  

N a t i o n a l  Hear t  and Lung I n s t i t i r c e  

North C a r o l i n a  D5vision of 
Voca t iona l  R e h a b i l i t a t i o n  

Ocksner Foundation 

Tulane U n i v e r s i t y  

Universi ty of North C a r o l i n a  

Derital School  

Medical  School 

Wake Fo re s t  Unlversf  Cy 

* Change in number of a c t i v e  problems, 

2 2 
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Table  8. A c t i v e  Problem S t a t u s  

Problem S t a t u s  Numbers of Problems 

June 1968 June  1969 March 1970 Sept 1970 

A - Problem D e f i n i t i o n  0 0 2 3 

B - In format ion  Searching 4 5 53 3 0 38 

C - Problem Statement  C i r c u l a t i o n  1 0 8 6 

D - Evalua t ion  

E - P o t e n t i a l  T r a n s f e r  

F - Follow-up A c t i v i t y  1 3  1 5  0 0 

T o t a l s  80 9 3 65 81 



pre\ienE tmi f o r m  cri.i::jcici i rk ing  a p p l  l.?d i C J  each p ~ c ~ h l e r n .  'Therefore ,  setTenty-- 
severi {'/7) yj:ob.l-.]x8s t.;i]ij;:i? weri: .Ldeiii:ii.kcd and c i a s e d  d i : ~  i.llg t h e  p e r i o d  a f  

time that data or1 tlie s i x  ca t egor i e s  of activity were c s l ? e c t ~ d  are inc luded  
i n  t h i s  analysis, 

Clr l s t e r  a n a l y s i s  is a roo1  by w h i c h  r~ iu l t id imens iond l  d a ~ a  can be ana lyzed  
u s ing  a p p l i e d  computer t e c h n i q u e s  K O  de te rmine  whether t h e  d a t a  l i e  i n  p a r t i c u -  
l a r  c l u s t e r s  o r  groups w i t h i n  t h e  mul t id i rnens iona l  s p a c e .  I n  t h i s  p a r t i c u l a r  
s i t u a t i o n ,  each of  t h e  s i x  c a t e g o ~ i e s  of Lirne d a t a  represert-cs one dimension;  
t h u s ,  a s i x  d imens iona l  space  i s  d e f i n e d  and each problem r e p r e s e n t s  a  s i n g l e  
p o i n t  i n  t h i s  s i x  d imensional  s p a c e ,  

There  a r e  a number of ways t h a t  c l u s t e r  a n a l y s i s  can b e  performed.  Here ,  
t h r e e  methods of c l u s t e r  a n a l y s i s  were used :  t h e  p r i n c i p a l  component approach ,  
t h e  dendogram approach,  and t h e  K-means approach,  There  were s e v e r a l  p o s s i b l e  
g roup ings  of c l u s t e r s ,  b u t  t h e  b e s t  -- c l u s t e r  d i s t r i b u t i o n s  seemed t o  be t h e  
f o ~ ~ n .  s h o ~ m  i n  Tdble 9 .  Each a f  The di~nerzsions shown i n  t h e  t a b l e  s e p r t s e n t s  
houzs of prof z s s i o n a l  e f f o r r  , 

I11 Table  9 ,  n o t e  t h a t  t h e  f o u r  c l u s t e r s  a r e  of v a r y i n g  s i z e s  froin 6 t o  
34 problems. Also ,  i lote t h e  s i g n i f i c a n t  d i f f e r e n c e  of each c l u s t e r .  For 
example,  C l u s t e r  I i s  c e n t e r e d  a t  8 - 5 0  hours  of p rob len  i d e n t i f i c a t i o n  and 
4 .071  hours  of i n f c r m a t i o n  s e a r c h ,  L n  c o n t r a s t ,  C l u s t e r  L I L :  h a s  5 - 4 4  h o u r s  of  
problem i d e n t i f i c a t i o n  and 13 ,46  hours  of i n f o r m a t i o n  s e a r c h .  Also ,  n o t e  
t h a t  C l u s t e r  I V  h a s  an  unusual  c e n t e r  of 18 .83  hours  of problem i d e n t i f i c a t i o n  
and 49.83 h o u r s  of  informati-on s e a r c h ,  Another i n t e r e s t i n g  f a c t  i s  t h a t  
C l u s t e r  111 h a s  t h e  l a r g e s t  numbers of h o u r s  of e v a l u a t i o n  and documenta t ion ,  
8 - 1 6  and 5 .0  h o u r s  r e s p e c t i v e l y ,  whic-h i s  s e v e r a l  t imes  h i g h e r  t h a n  any o t h e r  
c l u s t e r ,  

Each c l u s t e r  of pzoblenls was chen s t u d i e d  t o  s e e  w h e ~ h e r  any s i g n i f i c a n t  
c h a r a c t e r i s t i c  e x i s t e d  i n  each c l u s t e r ,  Tab le  10  shows a n  a n a l y s i s  of each  
of  t h e  c l u s t e r s  accord ing  t o  s i z e ,  p e r c e n t  of   he problems r e j e c t e d ,  p e r c e n t  
of t h e  problems t r a n s f e r r e d ,  type  of s o l u t i o n  s o u g h t ,  and team member. From 
T a b l e  10  t h e  f o l l o w i n g  c o n c l u s i o n s  can b e  drawn. C l u s t e r s  I and I1 had t h e  
l a r g e s t  number of  r e j e c t e d  problems (abou t  3 0 % ) ,  T h i s  i s  t o  b e  expected s i n c e  
t h e  c l u s t e r s  l i e  v e r y  n e a r  t h e  o r i g i n  s o  t h a t  a  s m a l l  amount of  t ime  i s  s p e n t  
i n  e a c h  of t h e  t h o  s e t s  of problems. Each of t h e  s e t s  of problems c o n t a i n s  
about  20% t o  25% of t r a n s f e r s  excep t  f o r  C l u s t e r  111 which c o n t a i n s  52% of  
t r a n s f e r s ,  Note t h a t  t h i s  i s  one of t h e  most wel l -balanced c l u s t e r s  w i t h  a  
s i g n i f i c a n t  amount of  t ime  s p e n t  I n  e a c h  c a t e g o r y ,  The u n u s u a l l y  l a r g e  amount 
of t ime  s p e n t  i n  documentation and follow-up i s  a  d i r e c t  r e s u l t  of t h e  l a r g e  
number of  t ra-msfers  which r e q u i r e  rliore documentat ion and fol low-up,  

The d i v i s i o n  of  c l _ r ~ s % e r s  by solci-cion type  r e f l e c t s  rhe t y p e s  of c a t e g o r i e s  
lest p ~ u b l e r n s  were  a c i i v e ,  tha t  were used d u r i n g  the p e r i u d  of time t h a t  tl- - -  --- 

Note t h a t  a d i v e r s i t y  o t  s o l i t t i o n  c a z e g o - ~ i e s  a p p e a r s  i n  each of t h e  c l u s t e r s  
a l though- - in  g e n e r a l  - h a r d w a r e  appears t o  b e   he l d r g s s ;  c a t t g o r y  as e x p e c t e d ,  

One o f  t h e  most inl r~estiag c dlekor i t a t i o c i s  of ~ l r r s i e u s  i s  by teaat 
arr~mnberr, I he sbgrr~ r 9 r d n r  ii; i i e r \ r i  i c n t i  oil ~ r r  each c l  i r ~ t 6 - i  liy ?clan) ineriiber pr ~ S a l i  I y 
r e f l e c t s  t h r  i n d i  vidiral  rilethodc? logy 11sed by e a c h  team m t . m l > e ~ ,  Note t h a t  "can1 

member R had 68% of  CLustef  11's problems w h i l e  beam member A had 68% of 
C l u s t e r  E V ' s  p roblems,  C l u s t e r  I shows a f a i r l y  even d i s t r i b u t i o n  between 
team members A ,  B, and C ,  The most striking example i s  C t u s t e r  IV which i s  



Table  9.  C l u s t e r  A n a l y s i s  

C l u s t e r  Dimensions: Problem I d e n t i f i c a t i o n ,  Problem A b s t r a c t  P r e p a r a t i o n ,  
In format ion  Search,  E v a l u a t i o n ,  Follow-up, Documentation. 

C l u s t e r  I - S i z e  12 Problems 

C l u s t e r  C e n t e r :  8 .50,  .643, 4.071, .714,  .286, 1.071. 

Problem Numbers: NCI-5, MCV-1, DU-57, DU-62, DU-64, MISC-1, NCSU-5, NCSU-8, 

C l u s t e r  I1 - S i z e  34 Problems 

C l u s t e r  Center :  2.306, 1 .819,  1 .806,  .944,  .667, 2.806. 

Problem Numbers: DU-54, DU-55, DU-60, UNC-49, UNC-51, UNC-53, UNC-54, UNC-59, 

IRM-3, IRM-4, IRM-8, IRM-9, IRM-10, IRM-11,  IRM-13, IRM-15, 

IRM-16, IRM-21, IRM-26, MISC-2, NCSU-3, NCSU-11, SV-1, TU-4, 

WF-59, WF-60, WF-63, WF-68, WF-71, WF-75, WF-78, WF-84, 

WF-85, WF-88. 

C l u s t e r  I11 - S i z e  25 Problems 

C l u s t e r  Cen te r :  5.440, 1 . 5 6 0 ,  13.460,  8.160, 3.000, 5.000. 

Problem Numbers : DU-38, DU-40, DU-41, DU-42, DU-43, DU-44, DU-45, DU-46, DU-49, 

DU-50, DU-52, DU-53, DU-56, UNC-47, UNC-48, IW-1 ,  IRM-6, 

IRM-7, IR%-17, IRM-20, NCSU-4, NCSU-6, NCSU-7, VU-1,  1JF-69. 

C l u s t e r  IV - S i z e  6 Problems 

C l u s t e r  Center: 18.833, 0-00, 4 9 . 8 3 3 ,  1,000, O,OU, 2.060,  

Problem Numbers: DU-36, DU-37, DU-39, UNC-44, UNC-45, UNC-46. 
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T a b l e  10 

T r a n s f e r s  
(% of Accepted  S o r u t  i o n  

C l u s t e r  CC; Rejcc t rd  ---III__ Z Problems) (% o f  C l u s t e r  S i z e j  

I 3 3 2 5 Approach 25 
Hardware SO 
M a t e r i a l  O 
Data 2 5 

Approach 30 
Hardware 52 
M a t e r i a l  15 
D a t a  3 

Approach 40 
Hardware 3 2  
M a t e r i a l  2 8  
Data 0 

Approacl-r 83 
Hardware 17 
M a t e r i a l  0 
Data 0 

Time of 
Teain Mernljer 

(% of  C l u s t e r  S i z e )  - - -- 
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r a t h e r  c l e a r  r e s u l t s  of " c ~ e  cluster a u a l y s i s  a r e  tl-tat team members a r e  
r e l a t i v e l y  i n e f f e c t i v e  i n i - c i a l l y  t h a t  team members d i s p l a y  s i g n i f i c a n t  
v a r i a t i o n s  i n  t h e  amount o t  t ime  s p e n t  on each problem, T h i s  i n d i v i d u a l i t y  
needs  t o  be c a r e f u l l y  corlsidered t o  d e ~ e r m i n e  whether  o r  n o t  improved e f f i -  
c i e n c y  can r e s u l t  from m o d i f i c a t i o n  of i n d i v i d u a l  approaches ,  T h i s  d o e s  n o t  
imply t h a t  a l l  team members musk be  f i t t e d  i n t o  a p a r t i c u l a r  mold, b u t  i t  
does  imply t h a t  a wide v a r i a t i o r l  i n  t h e  approach t o  problems i s  n o t  neces-  
s a r i l y  t h e  optimum approach t o  technology t r a n s f e r ,  

Table  11 shows t h e  c o r r e l a t l s n  m a t r i x  t h a t  e x i s t s  between each  of t h e  
sl-x ca~egorreb o f  cime s p e r ~ ~  Olr  ~ i o k p l e m s ,  T h i s  i s  informa"cve iiz showing 
t h e  r e l a t i o n s h i p  between t h e  vd ; i o~as  t y p e s  of a c t i v i t y  on t h e  program, 

Perhaps  t h e  most s t r i k i n g  f a c t  abou t  t h e  d a t a  is  t h e  l a c k  of c o r r e -  
l a t i o n  between t h e  v a r i o u s  c a t e g o r i e s ,  The on ly  c a t e g o r i e s  showing a c o r r e -  
l a t i o n  g r e a t e r  t h a n  0 - 5  a r e  problem i d e n t i f i c a t i o n  and i n f o r m a t i o n  s e a r c h i n g  
w i t h  a  c o r r e l a t i o n  of 0 , 7 2 4 .  En a d d i t i o n ,  e v a l u a t i o n  and follow-up a r e  
c o r r e l a t e d  by 0.400, and follow-up and documentat ion a r e  c o r r e l a t e d  by 0 ,381 ,  

Some c a t e g o r i e s  which were expected t o  be  c o r r e l a t e d  were n o t :  f o r  
example, i n f o r m a t i o n  s e a r c h  arid problem a b s t r a c t ,  a s  w e l l  a s  i n f o r m a t i o n  
s e a r c h  and documentat ion.  I n  s t u d y i n g  t h e s e  c o r r e l a t i o n s ,  one must r e a l i z e  
t h a t  t h e s e  d a t a  cover  t h e  e a r l y  p o r t i o n  of t h e  program, and s i n c e  t h a t  t i m e ,  
s i g n i f i c a n t  improvements i n  methodology have s h i f t e d  t h e  c o r r e l a t i o n  m a t r i x .  
The most s i g n i f i c a n t  c o n c l u s i o n  f rom t h i s  m a t r i x  i s  t h a t  t h e  poor c o r r e l a t i o n s  
e x h i b i t e d  a r e  f u r t h e r  proof of t h e  need f o r  t h e  methodolog ica l  changes which 
heve t a k e n  p l a c e  d u r i n g  t h e  p a s t  e i g h t e e n  months of t h e  program. 



Table 11. Correlation Matrix for Time Spent on the Problems of Table 1. 

Problem Identification 1.000 

Problem Abstract -0.125 

Information Search 0.724 

Evaluation -0.002 

Follow-up 0.167 

Documentat ion 0.068 
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4 "  .I Sut~x~~uit;ry c r i  i,ornput-er InLurmdtrot? Searches  %I- North ~ a r o i i n a  
Science arid Te~hr io logy  Resea.rch Cen te r  (NCS'URC), KECON, and 
Bef errse Diicu~ilcntdtiori Cen te r  (DDC) 

During t h e  r e p o r t i n g  p e r i o d ,  t h e  liTl BATealn i n i t i a t e d  twenty com- 
p u t e r  i r l format ior~ s e a s c h e s  a t  NCSTRC, The twenty s e a r c h e s  arid t h e  a s s o c i a -  
t e d  problem numbers a r e  shown i n  Table  1 2 ,  Of t h e  rwenty problems f o r  which 
s e a r c h e s  were performed, o n l y  one h a s  r e s u l t e d  i n  a p o t e n t i a l  t r a n s f e r ,  
However, s h e  s o u r c e  of i n f o r ~ i a t i o n  i n  t h i s  c a s e  was a F i e l d  Center  s o  t h a t  
t h e  i n i t i a l  r e s u l t s  from t h e s e  trirenrry s e a r c h e s  have n o t  y e t  r e s u l t e d  i r ~  a  
l r z n s f  er o r  pot + i \ i  id 1 ti-dnsf e ~ = ,  

Ln a d d i t i o n  t o  t h e  above s e a r c h e s ,  twelve s e a r c f ~ e s  were c u n d u ~ t e d  a t  
c e n t e r s  o t h e r  iliail NCSTKC, Table  1 3  shows a  l i s t  of lchese twelve s e a r c h e s  
and t h e i r  a s s o c i a t e d  problem nunibers, From Table  1 3  i t  can be seen t h a t  
f i v e  U C O N  s e a r c h e s  were performed, The RECON s e a r c h e s  were performed a t  
tlae NASA Scientific and 'Tec l~n ica l  Lrlformation F a c i l i t y ,  A RECON t e r m i n a l  
i s  a  r e a l - t l m e  i n t e r a c t i v e  systein f o r  a c c e s s i n g  documents on computer t a p e .  
A s  such,  i t  p r o v i d e s  a  d i f f e r e n t  Inode of a c c e s s  t o  t h e  documents and,  i d e a l l y ,  
w i l l  p rov ide  more i n f o r m a t i o n  than  a normal NCSTRC s e a r c h ,  However, i n  a  
l a r g e  number of c a s e s ,  t h e  BA'feam found t h a t  t h e  r e a l - t i m e  a c c e s s  f a c i l i t y  was 
i n o p e r a t i v e  s o  t h a t  t h e  s e a r c h e s  were a c t u a l l y  performed b y  u s i n g  an  approach 
s i m i l a r  t o  t h e  NCSTRC approach,  Thus, t h e  pr imary advan tage  of u s i n g  RECON 
was l o s t ,  and,  as a  r e s u l t ,  o n l y  a  l i m i t e d  number of KECON s e a r c h e s  were 
performed. 

I n  a d d i t i o n ,  Table  1 3  shows t h a t  two s e a r c h e s  were performed a t  t h e  
Aerospace Research A p p l i c a t i o n s  Center  ( A R A C ) ,  a  Regional  Dissemina t ion  
Center  ( R D C ) ,  These s e a r c h e s  were performed on problems w i t h  which d i f f i c u l t y  
i n  i n f o r m a t i o n  r e t r i e v a l  had been exper ienced  a t  NCSTRC, However, i n  t h e s e  
p a r t i c u l a r  c a s e s ,  n e i t h e r  new n o r  d ramat ic  i n f o r m a t i o n  was r e v e a l e d ,  

The o t h e r  f i v e  s e a r c h e s  were performed a t  t h e  Defense Docu~nentat ion 
Center  (DDC) i n  an exper iment  t o  de te rmine  whether  a d d i t i o n a l  aerospace-  
r e l a t e d  i n f o r m a t i o n  could  be  o b t d i n e d ,  The Defense Documentation Center  
m a i n t a i n s  a  f i l e  of documents genera ted  p r i m a r i l y  w i t h i n  t h e  Department of 
Defense,  However, i t  was a n t i c i p a t e d  t h a t  some a e r o s p a c e - r e l a t e d  i n f o r m a t i o n  
was accessed  by this inflsrrnation s o u r c e  t h a t  would n o t  normal ly  be  uncovered 
i n  a  NASA s e a r c h ,  In each of t h e  c a s e s  where DDC s e a r c h e s  were performed,  
a  para1 l e l  I-IDC s e a r c h  taras performed,  and t h e  i n f o r m a t i o n  was compared, I n  
t h e  f i v e  problems used f o r  this e r p e r i x e n t  , t h e  informat-i=n d i s c l o s e d  i n  t h e  
DDC s e a r c h  was e n t i r e l y  d i t f e r e n t  from t h a t  i n f o r m a t i o n  d i s c l o s e d  i n  t h e  
RDC search,  The p ~ f ~ ~ a r y  s o u r c e s  o f  in fo rmat ion  from th;. DDC seerc?.r w e r e  
A i r  Poice arid ?,irnji deer~rrre~-r-cs, w i t h  some Navy doc urnent s i i iscioseii ,  T h u s ,  on 
Lhi- basis of tilt; p r e i i r r ~ l n a r y  rc l i s r i lb  iL appears  hat tlo NASA i i l for rndt ion  
can be obcair:.i.tl hxi uc,ing r l ie i,i?r, ~ < ~ c i l  i L ~ c z b ,  I fiere i a -  i r l r i ~ i i  i_iratil e l n - r ~ 1 a c t i d  
infor lnat lna  i r r  Lhe DDC search, but the soul-ce of che inrc,rlilai;ior: is riot NASA, 
No f u r t l i e r  DIlC s e a r c h e s  d r e  planned by t h e  BATeatn becduse of t h j ,  rli-grrlive 
r e s u l r  r e l a t i v e  t o  NASA i n f o r m a t r o n .  
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I &J e 12, I~(:SV&C Goirlpuler L i iLormd~~n_i l  
Se;,ckss 11;i'ciaLed d d ~ i i ~ ~  i l ie  i 'ei  i ud  
March 1 5 ,  1970,  through S e p t e d e r  30,  1970, 

Search humber ----- 

2111 

2116 

2217 

24 35 

213 7 

NCi .lG 
NCY - 9  



T a b l e  1 3 ,  Other Computer L ~ ~ F ~ r m a t i ~ n  Searches 
I n i t i a t e d  d u r i n g  t h e  Per iod  Plarch 30, 1970,  
through September 30, 1970. 

Search Number 

RECON 50021 

RECON T0005D 

KECON TO0063 

RECON T0007D 

RECON TO071 

ARAC 

ARAC 

DDC-RB-043157 

DDC-RB-045503 

DDC-RB-0456 31 

DDC 9~ 

DDC * 

Problem Number 

MISC-4 

BH-6 

WF-86 

WF-84 

NCI-6 

$* Number n o t  y e t  a v a i l a b l e .  



4 - 2  Results of the Clingman Survey 

The RTL BATeam discovered in Decem1)c.r 1968 t h a t  in fo rn la t ion  searches 
at different NASA 'RDC's disclosed different information. Ttlus, i t a p p e a r e d  
that search strategy had a significant effect on the information disclosed in 
a computer search. As a result of this preliminary study discussed in a 
previous report (Ref, 2 ) ,  a comprehensive study of the search strategy pro- 
cedures was started by W. H .  Clingman & Company of Dallas. Dr, Clingman 
conducted parallel searches at different RDC's and compared the results. 
From these results, he was able to determine why different centers generated 
different information. The reasons were associated with the search strategy. 
In particular, he determined that the use of a larger number of synonyms, as 
well as using more groups of synonyms, significantly increased the amount of 
information available. Although his experiment is still under way, the pre- 
liminary results and recommendations have been presented to NCSTRC, and they 
have already had an effect on the search strategy used at NCSTRC, The pri- 
mary effect has been to increase the number of synonyms used with a resul- 
tant increased number of accessed documents, It is too early to determine 
whether this strategy will increase the number of transfers, In addition, 
it is anticipated that further recommendations will be forthcoming from the 
Clingman study. However, it is clear from the Clingman study to date that 
significant improvements are needed in the searching procedures at the RDC'S, 
and the careful scientific study of the problem by Dr. Clingman will materi- 
ally improve the results of searching. 



L r ~ i ' u r n t d ~ i u ~ l  tecil ~k l i i i ; :  a:, d vd ludb7e  ~ o o l  i n  c11e sec i i ch  for ~ n f o r r n a t i a n  
w i t h i n  a l a r g e  sys tem,  However, because of t h e  d i f t i c u l c y  o i  a c c e s s i n g  
i n d i r e c t  i n f o r m a t i o n ,  i t  i s  v e r y  desirab1.e t o  have a  method f o r  o b t a i n i n g  
i n f o r m a t i o n  o r  i d e a s  which would n o t  normal ly  be  accessed  by i n f o r m a t i o n  
s e a r c h i n g ,  One method f o r  o b t a i n i n g  t h i s  i n f o r m a t i o n  i s  t h e  c i r c u l a t i o n  o f  
problem s t a t e m e n t s  t o  NASA F i e l d  C e n t e r s ,  A s  exp la ined  i n  t h e  i n t r o d u c t i o n ,  
a  problem s t a t e m e n t  i s  a  c o n c i s e  d e s c r i p t i o n  of t h e  problem which i s  c i r c u -  
l a t e d  t o  t h e  NASA F i e l d  C e n t e r s  i n  an  a t t e m p t  t o  s o l i c i t  f r e s h  i n s i g h t  i n t o  
a  p a r t i c u l a r  problem, I n  o r d e r  f o r  t h e  problem s t a t e m e n t  t o  s e r v e  a u s e f u l  
f u n c t i o n ,  i t  must i n c l u d e  a  c l e a r  d e s c r i p t i o n  of what i s  r e q u i r e d ,  as w e l l  
a s  t h e  approaches  t h a t  have been t r i e d  p r e v i o u s l y  i n  a n  a t t e m p t  t o  s o l v e  a  p a r t i -  
c u l a r  problern, One o t h e r  v i t a l  p i e c e  of in fo rmat ion  i n  a  problem s t a t e m e n t  
i s  a  d e s c r i p t i o n  of t h e  i r~ipor tance of t h e  problem i n  order.  t o  m o t i v a t e  t h e  
NASA s c i e n t i s t  o r  eng ineer  t o  respond t o  t h e  problem. 

During t h e  pe r iod  March 1 5  t o  September 30, 1990, a  t o t a l  of e i g h t  
problem s t a t e m e n t s  were c i r c u l a t e d  t o  t h e  NASA F i e l d  C e n t e r s .  These problem 
a b s t r a c t s  a r e  i d e n t i f i e d  i n  Table  1 4 ,  and t h e  i n d i v i d u a l  problem s t a t e m e n t s  
a r e  con ta ined  i n  Appendix C, 

Although 30 problems were accep ted  by t h e  BATeam d u r i n g  t h e  r e p o r t i n g  
p e r i o d ,  o n l y  e i g h t  problem s t a t e m e n t s  were c i r c u l a t e d  t o  t h e  NASA F i e l d  
Cen te r s .  There  a r e  s e v e r a l  r e a s o n s  f o r  t h i s  r e l a t i v e l y  low number of  problem 
s t a t e m e n t s  be ing  c i r c u l a t e d  t o  t h e  F i e l d  C e n t e r s ,  F i r s t ,  a  c e r t a i n  amount 
of i n f o r m a t i o n  can be ga ined  on a  problem d u r i n g  t h e  problem s t a t e m e n t  c i r -  
c u l a t i o n ,  Secondly,  a n o t h e r  v a l u a b l e  approach i n  o b t a i n i n g  i n f o r m a t i o n  from 
t h e  F i e l d  Center  i s  t o  c a l l  t h e  F i e l d  Center  d i r e c t l y  i n  a  c a s e  about  which 
a  F i e l d  Cen te r  appears  t o  have r e l e v a n t  i n f o r m a t i o n ,  T h i s ,  of  c o u r s e ,  i s  a  
more e f f i c i e n t  method f o r  o b t a i n i n g  i n f o r m a t i o n  because  i t  r e d u c e s  t h e  l e v e l  
of e f f o r t  n e c e s s a r y  t o  o b t a i n  a  g iven  amount of i n f o r m a t i o n ,  F i n a l l y ,  by 
t h e  t ime t h e  problem r e a c h e s  t h e  problem s t a t e m e n t  c i r c u l a t i o n  s t a g e ,  t h e  
BATeam h a s  begun t o  r e a l i z e  i n  a  more c o n c r e t e  manner t h e  r e l a t i v e  importance 
of a  p a r t i c u l a r  problem, a s  w e l l  as t h e  l i k e l i h o o d  of implementat ion of a n  
i d e a  by t h e  problem o r i g i n a t o r .  I f  i t  appears  t h a t  t h e  problem o r i g i n a t o r  
would n o t  b e  e a g e r  t o  implement an i d e a ,  t h e  BATeam w i l l  n o t  c i r c u l a t e  a 
problem, Thus, i t  can b e  s e e n  t h a t  when a  problem s t a t e m e n t  i s  c i r c u l a t e d ,  
i t  r e p r e s e n t s  a s i g n i f i c a n t  problem f o r  which no i n f o r m a t i o n  b a s  been o b t a i n e d  
and f o r  which i t  appears  t h e  problem o r i g i n a t o r  i s  v e r y  l i k e l y  t o  implement 
any worthwhi le  i d e a ,  

Tab le  1 5  l is ts  t h e  r e s p o n s e s  t o  15 problem s t a t e m e n t s  i n  c i r c u l a t i o n  
d u r i n g  t h e  p e r i o d  Xarch 1 5 ,  l 9 ? 0 ,  t o  September 30, 1970,  E i g h t  of t h e s e  were 
i n  c i r c u l a t i o n  p r i o r  t o  March 1 5 ,  1970,  T h i s  "cable rlolr o n l y  r e p o r t s  t h e  
number of responses  b u t  r e c o r d s  t h e  u t i l i t y  o r  a p p l i c a b i l i t y  of t h e  r e s p o n s e  
by a L e t t e r  c ~ d e  (which i s  exp la ined  i n  Table  1 6 ) -  Thus,  Field Cente r  
producing the  i d r  g e s t  ~rumbcr clt r e s p o n s e s  can easily b e  seen as w e l l  as t h e  
value of Lke suggest ion ,  A t o t a l  of 55 resporrses were received on tlie 25 
problems whrcl-1 gives  an average of 3,65 r e s p o n s e s  p e r  problem statement, 
" l h e  o n l y  problem r e c e i v i n g  no response  was N C L - 2 ,  and t h e  l a r g e s t  number of 
r e s p o n s e s  were recekved f o r  CP-6 and N C I - 4 ,  L t  js i n t e r e s t i n g  t o  n o t e  t h a t  



Table 14. Problem Statements Circulated 
During the Period March 15, 1970, 
Through September 30, 1970, 





the two problems f o r  whxch the largest numnber of r e s p o n s e s  were received 
b o t h  appear l o  have a high potential for solution, NCT-4 is list.ed in t h i s  
report as a potential transfer, and CP-6, although not reported as a poten- 
tial transfer, appears aL this t i m e  to I~ave a high l i k r l i h ~ . o d  o f  s o l u t i o n ,  

Table  15 a l s o  shows t h e  number of r e s p o n s e s  by F i e l d  Cen te r .  The 
l a r g e s t  number of r e s p o n s e s  h a s  been r e c e i v e d  from Langley Research Cente r  
fo l lowed  by Lewis Research Cente r ,  b o t h  of which have been v e r y  a c t i v e  i n  t h e  
Technology U t i l i z a t i o n  Program i n  t h e  p a s t .  I n  a d d i t i o n ,  b o t h  Goddard Space 
F l i g h t  Center  and E l e c t r o n i c s  Research Center  showed a moderate number of 
r e s p o n s e s ,  

The major s u r p r i s e  i n  t h e  responses  from F i e l d  C e n t e r s  i s  t h a t  Marsha l l  
Space F l i g h t  Cen te r ,  which h a s  a v e r y  a c t i v e  Technology U t i l i z a t i o n  Program, 
had no responses  d u r i n g  t h i s  r e p o r t i n g  p e r i o d .  It should be  n o t e d ,  however, 
t h a t  MSFC has  been one of t h e  most c o o p e r a t i v e  C e n t e r s  i n  d i r e c t  c o n t a c t s ,  
and s e v e r a l  v a l u a b l e  s o l u t i o n s  have r e s u l t e d .  M r ,  Juan P i z a r r o  of MSFC 
b e l i e v e s  t h a t  changing t h e  problem s t a t e m e n t  format  would s i g n i f i c a n t l y  
improve t h e  number of responses .  

Tab le  1 6  a l l o w s  a n  a n a l y s i s  of t h e  a p p l i c a b i l i t y  of t h e  r e s p o n s e s .  
C a t e g o r i e s  A ,  B ,  and C a r e  b a s i c a l l y  r e l e v a n t  i n f o r m a t i o n  w h i l e  C a t e g o r i e s  D 
and E a r e  f o r  s u g g e s t i o n s  t h a t  a r e  b a s i c a l l y  unusab le .  It i s  c l e a r  from t h e s e  
d a t a  t h a t  t h e  m a j o r i t y  of t h e  s o l u t i o n s  a r e  d e f i n i t e l y  r e l e v a n t  t o  t h e  p a r t i -  
c u l a r  problem. I n  f a c t ,  about  one t h i r d  of t h e  r e s p o n s e s  l i e  i n  Category A 
which i s  t h e  most r e l e v a n t  ca tegory .  The d i s t r i b u t i o n  of a p p l i c a b i l i t y  by 
F i e l d  Center  i s  reasonab ly  c o n s t a n t ,  i n d i c a t i n g  t h a t  t h e  v a l u e  of t h e  
response  is  approximately  t h e  same f o r  each F i e l d  Cen te r .  

The average  t i m e  f o r  a response t o  r e a c h  t h e  BATeam a f t e r  c i r c u l a t i o n  of 
t h e  problem s t a t e m e n t  i s  2.5 months. It would be d e s i r a b l e  t o  reduce  t h i s  
r esponse  t ime t o  no more t h a n  one month, i f  p o s s i b l e .  One of t h e  d i f f i c u l t i e s  
i n  t h e  BATeam Program i s  t h e  r e l a t i v e l y  l o n g  p e r i o d  of t ime i t  t a k e s  t o  d i s -  
c l o s e  a r e l e v a n t  response  t o  a problem. Thus, i t  would be h i g h l y  d e s i r a b l e  
t o  a t t e m p t  q u i c k e r  responses .  

The major c o n c l u s i o n  t h a t  can be  reached about  problem s t a t e m e n t  c i r c u -  
l a t i o n  and response  i s  t h a t  t h e  in format ion  i s  very  u s e f u l .  Three  of t h e  
problems f o r  which problem s t a t e m e n t s  have been c i r c u l a t e d  a r e  a t  t h e  p r e s e n t  
t i m e  i n  p o t e n t i a l  t r a n s f e r  s t a t u s .  Thus, t h e  g e n e r a l  r esponse  t o  problem 
s t a t e m e n t  c i r c u l a t i o n  i s  considered t o  be s a t i s f a c t o r y .  



Table  16.  A p p l i c a b i l i t y / U t i l i t y  Code f o r  Problem 
Statement  Responses.  

A - Relevant  and s u g g e s t s  a p r a c t i c a l  s o l u t i o n .  

B - Relevant  b u t  e i t h e r  t h e  s u g g e s t i o n  does  n o t  
sugges t  a  p r a c t i c a l  s o l u t i o n  o r  t h e  t echn ique  
invo lved  i s  u n l i k e l y  t o  b e  a p p l i c a b l e .  

C - Relevant  b u t  s u g g e s t s  e i t h e r  a t echn ique  i n  
c u r r e n t  use  by t h e  Problem O r i g i n a t o r ,  o r  one 
which h a s  been t r i e d  and r e j e c t e d .  

D - Suggest ion i s  i m p r a c t i c a l .  

E - Suggest ion i s  i r r e l e v a n t .  

X - Response incomplete .  
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6 , 1  Gom~fiunicatLo~rs TechnoLagy in the Medical Cornunity 

In addxtson la normal BATeam actlvxtxes relating to s p e c r f l c  problems, 
a study is needed of some larger and more generic problems affecting the entire 
medical community, One such problem area is the use of advanced communication 
technology as applied to inter- and intra-hospital communications, The BATeam 
conducted a preliminary study in this area to determine the usefulness of a 
conference of selected medical personnel and NASA personnel at which general 
medical problems in the communications area would be defined and the NASA 
communication experts would be able to offer suggestions regarding solutions. 
In turn, the presentation by NASA personnel hopefully would stimulate the medi- 
cal community by providing fresh insights into the ways in which communication 
technology can be utilized, In order to assure the success of such a conference, 
a preliminary study was made of the medical problem areas and the NASA technology 
that might be applicable to this important subject. 

In studying this subject, the BATeam talked with a number of people within 
the NASA and medical communities. Discussions were held with NASA personnel 
at the Office of Space Science and Applications, personnel from a number 
of medical schools, the Social and Rehabilitation Service, and the Lister 
Hill National Center for Biomedical Communications, These discussions revealed 
that a number of activities are presently underway that demonstrate the existing 
interest in this problem area. For example, the Lister Hill National Center 
for Biomedical Communications is actively exploring the use of satellite communi- 
cation technology in biomedical com~nunications. This is particularly interesting 
because of the uniqueness of satellites in communication techniques. Other 
examples of interest in this field are the numerous seminars held on hospital 
information systems. Examples of the wide range of seminars available include 
seminars held during the past year by the Control Data Corporation and by the 
University of Southern California. Other examples of interest in this area can 
be seen by the frequent appearance of hospital information system articles 
in current medical journals. 

A list of the information transmission needs was tabulated in order to 
determine the categories of information transmitted. This information is pre- 
sented below to give a general idea of the range of problems. 

I. Transmission on storage of a patient's physiological parameters 

A, Stationary patient 
1, In bed, in intensive care units 
2, In operating room, cardiac catheterization lab or research 

a r s a  s 
3, I n  a physician" soffce (example: ECG transmitted over 

t e l ephone  ' ines  to a central computer analysis) 

6 ,  Mijv-r'ng p a i i e r e l  
1 Patteal 1 x 3  a mo:iing arnbrslancc. or i l thel  v e h i c l e  
L ki~ri'Suia rory p d - c i e i ~ t  

a, W i t ' r i i ~ i  cj. def i r i r i i  a i r a  i i r  ~'rre i ~ o s p 4 8 a L  
b A t  borne 
c At Large 



6, Stationary instruments to which patients come (as in multi- 
phasic screening stations) 

11, Transmission or storage of visual information 

A, Film images--radiographs, photographs, etc, 
1, Transmission of image to another pornt (facsimile, other) 
2. Automated film storage and retrieval, local or remote 
3, Image processing, pattern recognition 

B. Video signals or videotape 
1. One- or two-way transmission for audiovisual or educa- 

tional purposes 
2. One- or two-way transmission for diagnostic purposes, 

permitting remote diagnosis or consultation 

111. Voice or audio transmission 

A, Two-way voice Link for remote consultation, discussion, 
conference 

B .  Dispatching or routing of any mobile units 
C. Paging, signalling or summoning systems--especially addressing 

one or several doctors within amulti-building medical complex 
D. Dictation systems 

IV. Transmission or storage of textual material (fixed or free format, 
one or several locations) 

A. Patient history data 
1. Self-administered or other-person-administered previous 

medical history 
2. Nursing chart information, including drugs 
3, Physician observations and comments 
4. Chemical laboratory and other clinical lab data 

from the patient 
5. Administrative and cost data for individual patient 

B. Other hospital records, especially various inventories 
1. Record of full beds, patient census 
2. Drug inventories 
3, Food supplies, diet information 

C. Information of regional or national interest 
1. Blood bank inventories, organ and transplant inventories 
2. Medical conferences, consultation for isolated regions, other 
3. Biomedical communication networks, especially libraries, 

library materials, educational material 
4, Patient histories for mobile, transient or migrant 

individuals or groups 

D. Scheduling (including appropriate production and distribution 
of schedule copies) 
l, Patient appointment and consultation schedzllirig 
2, Special facility, special equipment scheduling, such as 

radiology treatment scheduling, dose planning, bearn 
schedules, e rc ,  

3 H ~ s p i L d l  emt.rgency ~umnland s y s t e l n s  



\I , ,  ' i 'rairsmission of p l - ~ y s i c a l ,  engi i - leer ing  data 

A, l31iild:r"ng ai l t i  cnvironmen t ini-ox-mat i on---.ter~ipcr'rat~j.re, conditions 
s ,  o!- jiily~li.:;ll :;ysl,eIiis f o r  i j ~ ! < ~ i h i c ?  i : o n t r o l  ttse 

K ,  Var ious  physical i-esi-;arcli tiiii--a.---rad-iatio~, counts  in t t r ace r  
i.xpe~ii"!leots, e t c .  

C, Special eizvironmcntal proble'ris-,-.for instaiice, vo ice  a i ~ d  data 
transmission from the high-oxygen environment of a hyperbaric 
c'tla~i~ber 

A sumnary of the NASA contributions and applications to communication 
technology was made in order to possibly determine a mat-ch between the NASA 
technology and the problems listed above. These NASA contributions are 
listed below, 

T , V, (Corrventional 
scan rate) 

T. V .  (Slow scan) 

CRT Displays 

Modulation-techniques 

Teleme try 

Millimeter and Laser 
Communications 

Communications 
Accessories 

NASA CONTRIBUTIONS AND -- 
APPLICATIONS 

Development of spectrum conservation-low 
redundancy techniques. Improvements in 
wide band tape recorders and lightweight 
color T. V, techniques 

Used in virtually all planetary and 
weather reporting missions. Develop- 
ment of digital, adaptive scan, and very 
low bandwidth systems; usable in severe 
environments , 

Development and application of alpha- 
numeric, interactive, and high ambient 
light CRT ' s and panel disp1a.y~. 

Digital, ESI  and computer compatible, 
random access, time sharing, time division 
discrete address, phase-lock and coherent 
techniques, pseudo-noise, frequency- 
time matrix, etc. 

Error correcting codes, PCM techniques, 
adaptive bandwidth, low-noise antennas, 
masers, atomic standard time stability. 

Gigahertz bandwidth systems, deep space 
techniques, high-power C-W lasers, low- 
noise level photon detectors, millimeter 
LSA devices, 

High energy-density batteries, solar 
c e l l s ,  fuel cells, speech frequency 
translatio~~ teclrriiqi~cs S I I L ~  as have been 
applied to neep-sea divers "Heli t ~ m "  

speech, vocoders, satellite film readers, 
rnethods of optimally exeraccing signals 
in noise, 



The abcve in forinat l o o  c lear d y shows that many a r e a s  over t i ip  becweert t h e  
NASA contribiiciotls in selospace techi lo lagy and t h e  problems existing i n  has- 
p i c d l  coiriintlisicatioiis. L n r r t  iiripor c a n t  conskder-atron t h a t  must  b e  grven I n  
any of t h e s e  problem a r e a s  i s  n o t  s imply t o  de te rmine  where c o m u n i c a t i o n  
technology can be a p p l i e d ,  b u t  t o  de te rmine  what medical  in fu r lna t ion  could  
7 _ 
h-te ~ ~ d ~ l b l i i i t ~ e d  th t  wouiil jubtiiy ~ i i e  c o s ~  of r r a n s m i s s i o n  eqreipiizen~,  he 
L i s t e r  H i l l  Center  has  become a c u t e l y  aware of t h i s  problem a s  they  have 
moved i n t o  a  g e n e r a l  a r e a  where i t  is  c l e a r  t h a t  s a t e l l i t e  communications 
would improve remote a r e a  medical  communications. Thus, pe rhaps  more so 
t h a n  i n  most problem a r e a s ,  t h e  c o s t - b e n e f i t  c o n s i d e r a t i o n  must be  under- 
s tood  e a r l y  i n  t h e  p lann ing  s t a g e .  

A t  t h e  p r e s e n t  t i m e ,  no d e f i n i t e  p l a n s  have been made by t h e  BATeam 
f o r  a  communications confe rence .  However, f u r t h e r  a c t i o n  i n  t h i s  a r e a  h a s  
been t a k e n  by NASA Headquar te r s ,  and i t  i s  a n t i c i p a t e d  t h a t  a t  t h e  s p r i n g  
meet ing of t h e  Aerospace Medical  A s s o c i a t i o n  i n  Houston, a  confe rence  w i l l  
be  h e l d  on t h i s  important. s u b j e c t ,  It  i s  hoped t h a t  t h e  pre l imir tary  s t u d y  
r e p o r t e d  h e r e  w i l l  be of v a l u e  i n  t h e  p lann ing  of t h i s  impor tan t  meet ing.  

6 - 2  Seminars 

A t  t h e  r e q u e s t  of t h e  Department of Physiology of Bowman Gray 
School of Medicine,  Wake F o r e s t  U n i v e r s i t y ,  t h e  BATeam a r r a n g e d  a seminar 
on t h e  a p p l i c a t i o n  of image p r o c e s s i n g  t e c h n i q u e s  i n  c l i n i c a l  medicine ,  
The seminar was p r e s e n t e d  on August 1 9 ,  1970. A t  t h e  beg inn ing  of t h e  
meet ing,  M r ,  E r n e s t  Har r i son  p r e s e n t e d  a b r i e f  d i s c u s s i o n  of t h e  Biomedical  
A p p l i c a t i o n  Team concep t .  Then M r .  Robert  Beadles of t h e  Research T r i a n g l e  
I n s t i t u t e  p r o f e s s i o n a l  s t a f f  p r e s e n t e d  t h e  image p r o c e s s i n g  seminar ,  The 
p r e s e n t a t i o n  was w e l l  r e c e i v e d  and s t i m u l a t e d  e x p r e s s i o n s  of i n t e r e s t  by 
a  number of peop le .  

6 .3  V i s i t s  t o  NASA Fie1.d C e n t e r s  

On June 2 4 ,  D r ,  F'. T. Wooten v i s i t e d  Marsha l l  Space F l i g h t  Cen te r  
f o r  d i s c u s s i o n s  on t h e  lower body n e g a t i v e  p r e s s u r e  (LBNP) s e a l  and on hard-  
n e s s  t e s t i n g  p rocedures .  I n  a d d i t i o n ,  s e v e r a l  r e s e a r c h  a r e a s  i n  t h e  Astro-  
n a u t i c s  Labora to ry  were d i s c u s s e d ,  

On June  1 9 ,  M r ,  E r n e s t  H a r r i s o n  v i s i t e d  Goddard Space F l i g h t  Center  t o  
broaden t h e  Team's knowledge abou t  Goddard and i t s  programs and ,  a t  t h e  same 
t i m e ,  t o  p r e s e n t  t h e  BATeam Program t o  a group of r e s e a r c h e r s  s e l e c t e d  by 
M r ,  Wayne Chen of t h e  TU O f f i c e  a t  Goddard, D i s c u s s i o n s  were h e l d  w i t h  
r e s e a r c h e r s  concerning t h e  c i r c u l a t i o n  of problem s t a t e m e n t s  a t  t h e  NASA 
C e n t e r s .  

Plr, E r n e s t  Har r i son  a t t e n d e d  a  rneeting a t  Langley Kesedrch Ceriter on 
J u l y  16-i7, 1970, ~ v h i c h  was a r ranged  by Mr, John Samos, TUO a t  Langley.  I h e  
meeting W ~ S  held LO p r e s e n t  t h e  BATearn Progrant and  he sensory--a ids- to- the-  
handli apped program, E G  discilss selected problems w i t h  t he  u b  l e i  t ~ v ~  uf  k i t s  - 
%ex IrioCifi; j i r i i d u ~ t i  jr il:tt-rac ti 011 betweeit the BATe;?ii~;r Cilltl t 'ii- pi ~ b 1 8 , t " i  1 # ~ t  
Langley,  and t o  acquaint the BATeamc w i t h  a c t i v i t i e s  at L a n g i e y ,  'i'ueLve 
LangLey peop le  a t t e n d e d  t h e  rneeting a t  which s e l e c t e d  problents were preserl ted 
by Us, Ed Dean of SwRL, Nr, Ken Crooks of B a t t e l l e ,  and M r ,  F r r res r  l-iarrison 
of R T i ,  Scsggestrcrns were o f f e r e d  on a  number of t h e  probf ems, 2nd i-cillri\,li--up 
v i s i t s  were made t o  number of l a b o r a t o r i e s  a"c.artgley. 

4 4 



bn 3 u l y  23, ipr C e o ~ i ; e  I tcay-i le  j ~ L e i i d e d  011e J a y  ried~cari.l r i i i v s n i d ~ i o r r  
bjrsteic.: i,oin~ri,; r 21 till NbS * ii,igrrieJ Spa-cc_r,, f L  Cealttr rrl Wiiitsi on, Ttie seminar 
nad iieere dx~b~tg,e:i  b y  I<obr-i L S~iltikt~ndrin 01 S ~ ) i ? i h t ~ e 5 i  P.liseqli'\i ins1 x t i ~ t e  
C ~ S  a res-r~LL OF- a S c d i i ~  i3Afealii pr obleirr from t h e  S c o t t  and Whrte CC; 1 inic, in 
ddddkion to repi e s e n t d ~ i ~ r e s  tram S i  O L  t and  L&~iie, cher e  weit- ~-eprr . tent  a t i v e s  
i r  wi i i  I vrci O L I I ~ - c  ii leciP cd I t ' e r l T e r  B ai1t-E spvera l  o%her  iechnir 1 o g ) ~  ti i I. 1 3 zd r son- 
r e l a t e d  groups such a s  KC1 and MRI" The major purpose  of t h e  seminar was 
t o  p r e s e n t  U r ,  Moseley's  d e s c r i p t i o n  of MSC's development and u s e  of a  medi- 
c a l  i n f o r m a t i o n  system d e r i v e d  from t h e  MEDATA system o r i g i n a l l y  developed 
by T a t e  Minckler ,  M , D , ,  a t  t h e  M. D ,  Anderson Hosp i ta l  and Tunlor C l i n i c  of 
Texas. A t o u r  of o t h e r  MSC f a c i l i t i e s  i n c l u d i n g  t h e  Lunar Keceiving Labora- 
t o r y  was a l s o  provided f o r  t h e  group a t t e n d i n g  t h e  seminar .  

6 . 4  I n d u s t r i a l  I n t e r a c t i o n s  

On May 1 9 ,  1370, ?Ira E r n e s t  Haarisonl v i s i t e d  C a r o l i n a  Medical  
Equipment, I n c ,  i n  King, North C a r o l i n a ,  i n  response  t o  a r e q u e s t  f o r  i n f o r -  
mat ion abou t  Lhe BATeam from M r ,  Char les  A ,  Bare foo t ,  Vice P r e s i d e n t  of t h e  
f i r m ,  C a r o l i n a  t l e d i c a l  Equipment (CME) h a s  s e v e r a l  i n t e r e s t s  i n  t h e  BATeam 
Program, F i r s t ,  i L  does  a  l i m i t e d  amount of custom e n g i n e e r i n g  i n  a r e a s  
r e l a t e d  t o  i t s  produc t  l i n e  and job shop c a p a b i l i t i e s ,  It i s  i n t e r e s t e d  i n  
p r o v i d i n g  t h i s  s e r v i c e  s o  r e s e a r c h e r s  f o r  whom t h e  BATeani h a s  i d e n t i f i e d  
technology beyond t h e  e n g i n e e r i n g  c a p a b i l i t i e s  of t h e  r e s e a r c h e r ' s  f a c i l i t i e s .  
The i n t e r e s t s  and c a p a b i l i t i e s  of CME were d i s c u s s e d  so  t h a t  t h e  BATeam can 
match a p p r o p r i a t e  r e s e a r c h e r  e n g i n e e r i n g  and f a b r i c a t i o n  requ i rements  t o  
t h e  c a p a b i l i t i e s  of CME. L t  i s  n o t  i n f r e q u e n t  t h a t  t h e  rneed f o a  e n g i n e e r i n g  
and f a b r i c a t i o n  r e s o u r c e s  beyond t h e  c a p a b i l i t i e s  of t h e  r e s e a r c h e r ' s  
f a c i l i t i e s  r e s u l t s  from t h e  a c t i v i t i e s  of t h e  BATeam. U n f o r t u n a t e l y ,  t h e r e  
a r e  few custorn e n g i u e e r i n g  and f a b l i c a t i o n  f i r m s  i n  t h e  geograph ic  a r e a  of 
North C a r o l i n a  from which a  l a r g e  11umber of our  problems o r i g i n a t e ,  Conse- 
q u e n t l y ,  t h e  i d e n t i f i c a t i o n  of a n o t h e r  such  r e s o u r c e  i s  p o t e n t i a l l y  b e n e f i c i a l  
t o  t h e  BATeam, Second, CME i s  i n t e r e s t e d  i n  keeping a b r e a s t  of NASA techno- 
Logy which has  been identified by t h e  BATeam. 

On August 5 r  t h e  BA(Team was v i s i t e d  by P l r ,  Hugh W i l l a r d  of Pl lys ionics  
C o r p o r a t i o n  who i s  survey ing  t h e  market p o t e n t i a l  of t h e  t r a n s f e r  of t h e  EMG 
e l e c t r o d e s  and a m p l i f i e r ,  D e t a i l e d  t e c h n i c a l  d i s c u s s i o n s  were h e l d ,  i n c l u d i n g  
a  v i s i t  t o  t h e  Band R e h a b i l i t a t i o n  Center  a t  WC, The BATeam i s  encouraged 
by t h i s  development,  

'Phe R'I'L Bn'l'earn has  been s t u d y i n g  p o s s i b l e  b i o ~ ~ n e d i c a l  1rse.t i n t e r e s t  
i n  NASTWN, t h e  NASA S t r u c t u r a l  Ana lys i s  Computer Program, and i n  t h i s  con- 
n e c t i o n ,  i)r, Ueorge iiayne v i s i t e d  Dr , John J u r i s t  i n  Madisori, Wisconsin,  on 
May -13, 1970, IIr, R a Z l i l i  VrF-tz of 1vlit1" BRTeam was a l s o  presenr,  D L  S i l l i ~ t  
1s a biophys i c i s t  rssitlr a31 appointnrelzt i n  t h e  Department of S u r g e r y  =it t h e  
I l n i v e r s L t y  of- iKssco~~sir i  14edical Center  and is inie~esi-ell 411 t h e  r c - l a t i o n s h i p  
between L l r e  i C " ~ , : , ~ ~ ~ d f l t  tl eqrlencp " i~ i-r ansver S E  v r l h r a ~ i o n  diid ~ h c  pkiysj li1ogi.c a l  
i o i ? i ? ~ ~ i ~ ~ ~ ~  ( 1 1  / llL t l i * ~ ,  tine u l  ; lile to r tes  ui [ I l t  r c ~ ~ e d c ~ t ,  ';neLe L:, d ~ O L S L ~ ~ -  

l i t y  t h a t  "chis rc_?d-rtloi:shlp is ~ h . ~ > l e  ~noi ig l?  LO a1131~~ j * j ~ l e ~ d ~ p i i i ~  t11c I r j e d S U L e -  

rnenr of  t h e  u i r - ~ a ~ s  resonant  f requency  i n  vkvo a s  a. techriiqllr for s c r e e n i n g  
p o p u l a t i o n s  f o r  o s t e o p o r o s i s ,  a  m d j o r  u i ~ s o l v e d  bone d i s e a s e ,  Dr, Jtsr ist  
has sorwie 6 x p e r i ~ n e n t a i  ( j d i  a i r rdic-at i r tg  proliif se i n 1  tilris t e ~ l i l l i q r i 2  drld wishes 



to decerinine e h ~  tlieorecical3 y cr~~pccteci  r e l a  t i o n s h i p  between resonant fre- 
qisznc; and f i ; t  t~'LnaQ s shape and condition, A comp::t er 6;- r ~ u m e ~ i ~ i t l  "cc;ck- 
~~iijcje is ~ec ju i j t ed  Por nlc~dcling ~ l ~ e  ulna's proper lies becaclse the ulna 1s 
nontnnitorm, irtbromogeneous, and has aniso-cropic e L a s ~ i c  behavior; i c  appeared 
possible that NASTFAV TT~ou~? be appropr %ate for t h i s .  

Fol lowing t h i s  meeting,  D r ,  J u r i s t ' s  problem was a c c e p t e d  as Biomedical  
Problem RTI/CP-7, and i n  J u l y ,  1970,  a  t e lephone  confe rence  was a r ranged  
between Thomas G. B u t l e r  a t  Goddard Space F l i g h t  C e n t e r ,  D r ,  J u r i s t ,  and 
D r .  George Hayne. M r .  B u t l e r  i s  t h e  NASTRAN P r o j e c t  Manager, and t h e  pur- 
pose  of t h e  c a l l  was t o  de te rmine  t h e  p o s s i b i l i t y  of i n v e s t i g a t i n g  D r ,  J u r i s t ' s  
problem a t  Goddard. NASTRAN i s  s o  l a r g e  and so  g e n e r a l  t h a t  i t  would re- 
q u i r e  a c o n s i d e r a b l e  investment  of t ime and e f f o r t  t o  implement i t  on a 
computer o t h e r  t h a n  t h e  IBM Model 3 6 0 / 9 5  a t  Goddard, 

The conclusion reached fo l lowing  t h e  confe rence  t e lephone  c a l l  and 
vcerious subsequent  c a l l s  was t h a t  NASTRAN could e a s i l y  h a n d l e  D r .  J u r i s t ' s  
problem b u t  t h a t  a l a r g e  amount of t i m e  i s  needed e i t h e r  t o  t e a c h  D r .  J u r i s t  
and h i s  group some s t r u c t u r a l  e n g i n e e r i n g  and v i b r a t i o n  t h e o r y  o r  t o  p r e p a r e  
D r ,  J u r i s t ' s  problem f o r  him f o r  NASTRAN. It appears  t h a t  t h e  p r i o r i t y  of 
t h i s  problem i s  such t h a t  D r .  J u r i s t  does  no t  wish t o  i n v e s t  t h e  c o n s i d e r a b l e  
amount of h i s  t i m e  t h a t  would b e  r e q u i r e d  f o r  him t o  mas te r  NASTriAN a s  a  t o o l ;  
t h e r e f o r e ,  e v e n t u a l  use  of NASTRAN i n  t h i s  problem is  n o t  i m p o s s i b l e  b u t  i s  
q u i t e  u n l i k e l y .  It may b e  p o s s i b l e  t o  f i n d  a l t e r n a t i v e s  t o  NASTRAN, s i m p l e r  
computer programs performing more l i m i t e d  t y p e s  of problems, b u t  which would 
b e  much e a s i e r  t o  implement a t  D r ,  J u r i s t ' s  computer c e n t e r  i n  Wisconsin,  
The RTI BATeam i s  i n  t h e  p r o c e s s  of o b t a i n i n g  i n f o r m a t i o n  about  t h e s e  p o s s i b l e  
a l t e r n a t i v e s ,  

One p o s s i b i l i t y  is D r ,  Y. King Liu a t  Tulane,  a n  a u t h o r i t y  i n  biomechanics 
who h a s  d i s c u s s e d  NASTRAN's p o s s i b i l i t i e s  w i t h  D r .  F. T .  Wooten, D r .  L i u  and 
h i s  coworkers have c o n s i d e r a b l y  more e x p e r t i s e  i n  s t r u c t u r a l  mechanics 
t h a n  D r .  J u r i s t ' s  group, and t h u s  may b e  i n  a  b e t t e r  p o s i t i o n  t o  e v a l u a t e  
NASTRAN's p o s s i b i l i t i e s .  In format ion  on NASTRAN and o t h e r  programs h a s  been 
s e n t  t o  D r ,  Liu  t o  e x p l o r e  t h i s  p o s s i b i l i t y .  
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FIGURE 4 
FEDERAL MEDICAL RESEARCH EXPENDITWFSES 
DURING THE LAST TI--1IF"STEEN YEARS 
(REF: 19'90 NIH ALMANAC) 

1957 1959 1961 1963 I965 1967 1969 
FISCAL YEARS 
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i n  Tkt-l?riil-,e.r, 1969 ,  ulnl<ing t i i r ' s  s choo l  one of the more recent a d d i t i c > n s  to 
the B A T e m  Progrctin, 'The cooperat tor i  alid enthusias-iil of  the T u l d n e  staff 
lldvc c o i t t r ~ b i l ~ e d  LO a veey s u ~ c e s s f u l  progran i ,  Thus f a r ,  d t sLal  of l/ 
l~roh-iezns have ' n e ~ i l  coilsider~d, a n j  a c t i v i t y  i s  expected r o  eovttil>ue a t  a 
very s a e i s f a c t o r y  l e v e l ,  

Na t iona l  Cancer I n s t i t u t e  - A c t i v i t i e s  a t  t h e  N a t i o n a l  Cancer I n s t i t u t e  -- 
( N C 1 )  s t a r t e d  i n  August ,  1969,  and a  t o t a l  of 1 0  problems have been c o n s i d e r e d ,  
Th is  r e l a t i v e l y  low l e v e l  of a c t i v i t y  was des igned  t o  a l low t h e  N C I  pe r sonne l  
t o  e v a l u a t e  t h e  program, It appears  now t h a t  t h e  N C I  p e r s o n n e l  a r e  s a t i s f i e d  
w i t h  t h e  s u c c e s s  of t h e  program, and con t inued  a c t i v i t y  i s  a n t i c i p a t e d  d u r i n g  
t h e  coming months. 

Brookdale H o s p i t a l  - - Center  - A c t i v i t i e s  a t  t h i s  i n s t i t u t i o n  were conf ined  
t o  problems a s s o c i a t e d  w i t h  t h e  s c r e e n i n g  c l i n i c ,  and o n l y  s i x  problems have 
been cons idered  s i n c e  BATeam a c t i v i t i e s  s t a r t e d  i n  J a n u a r y ,  1970. iqo f u r t h e r  
problems a r e  a n t i c i p a t e d  from t h i s  i n s t i t u t i o n .  

7 - 3  Plans f o r  Expansion of BATeam A c t i v i t y  

A summary of BATearn a c t i v i t y  a t  a l l  i n s t i t u t i o n s  shows a  d e c r e a s e  i n  
a c t i v i t y  a t  most of t h e  s c h o o l s  where a c t i v i t y  had t a k e n  p l a c e  f o r  a  l o n g  
p e r i o d  of t i m e ,  The r e a s o n  f o r  t h i s  i s  t h a t  o n l y  a  l i m i t e d  number of s u i t -  
a b l e  problems f o r  BATeam a c t i v i t y  e x i s t  a t  each s c h o o l ,  and a f t e r  a  BATeam 
h a s  been a c t i v e  i n  a  s c h o o l  f o r  a number of y e a r s ,  t h e  major p o r t i o n  of t h e s e  
problems have been a t t a c k e d .  Another r e a s o n  f o r  t h e  d e c r e a s e  i n  a c t i v i t y  at  
a  number of s c h o o l s  can b e  seen by r e f e r r i n g  t o  F i g u r e  4 which i s  a  p l o t  of 
F e d e r a l  medical  r e s e a r c h  d o l l a r s  from 1957 t o  t h e  p r e s e n t .  Note t h a t  t h e  
f l a t t e n i n g  of t h e  curve  shows a  r e l a t i v e l y  c o n s t a n t  number of d o l l a r s  b e i n g  
s p e n t  a t  t h e  p r e s e n t  t ime on medical  r e s e a r c h .  Th is  l a c k  of i n c r e a s e  from 
y e a r  t o  year  i s  more c r i t i c a l  a t  medical  s c h o o l s  t h a n  at  F e d e r a l  medical  
i n s t i t u t i o n s  because  t h e  c o n t r a c t  and g r a n t  monies have been reduced more 
t h a n  t h e  Federa,-  in-house e x p e n d i t u r e s .  Thus, many medical  s c h o o l s  e x p e r i -  
ence an  a c t u a l  r e d u c t i o n  i n  r e s e a r c h  funds  from y e a r  t o  y e a r .  Th i s  r e d u c t i o n ,  
o c c u r r i n g  s i m u l t a n e o u s l y  w i t h  r a p i d  i n f l a t i o n ,  i s  f o r c i n g  t h e  medical  s c h o o l s  
t o  reduce t h e i r  e x p e n d i t u r e s  f o r  equipment i n  o r d e r  t o  p r e v e n t  a  s e r i o u s  re- 
d u c t i o n  i n  s t a f f ,  T h i s ,  of c o u r s e ,  s t r i k e s  d i r e c t l y  a t  t h e  h e a r t  of t h e  BATeam 
Program because  of t h e  n e c e s s i t y  of hav ing  t h e  u s e r  implement t h e  technology 
h i m s e l f .  

Because of t h e  s e r i o u s  fund s h o r t a g e  i n  major medical  s c h o o l s ,  t h e  BATeam 
b a s  decided t o  l o o k  p r i m a r i l y  t o  t h e  F e d e r a l  medical  i n s t i t u t i o n s  f o r  expan- 
s i o n  of BATeam a c t i v i t y  a l t h o u g h  some medical  s c h o o l s  w i l l  c o n t i n u e  t o  b e  
approached,  

1 ,!I l ~ rug raaz  Promotion and Expansion A c t i v i t i e s  

C i i r ~  crf t h e  keys to a s u c c c s s i i r l  RA2'e;:rn Progx,irn ril is car  e;lit~l i y  pi,:nlled 
pronmtion a c t i v i i ~ ~ ,  Al though BATearn a c t i v i t y  i s  a l s o  i n c r e a s e d  by u n s o l i c i t e d  
r e q u e s t s  i roin pote i - i t ia l  users, optimum expans ion  i s  broclght abou t  by c o n t r o l l e d  
p r e s e n t a t i o n  of  t h e  BATeam Program, A number of presentations were made 
drlririg tttlis r e p o r t i n g  period t o  p o t e n t i a l  t l se r s :  



Nation;ai t iear t  amd L11n.g Tlnslri t~lte - The National Heart  and Lung -- - - ---- -- 
LnsLi tute  was contacted r e g a r d i n g  BATeam a c t i v i t y ,  and they Pxprec,sed a n  

~ n r e r e s r  in h a v ? n ~  a RATparn v i s i t ,  I n  September, 1970, Dr, F. T, ldooken 
and F f r ,  E *  Id, Page c i f  ETI t o g e r k e  rwttlt P f r ,  J im Richards  of NASA visited 
Dr , Frank I.lasLirrgs, Cllief of the Medical  Device A p p l i c a r i o n  Brancir, The 
BATeam program was e x p l a i n e d ,  and problem d e f i n i ~ i o n  was s t a r t e d ,  

I\latiorral Cancer I r z s t i t u t e  - I n  June ,  1970,  t h e  BATeam program was pre -  
s e n t e 2  t o  D r ,  NathaniGl B e r l i n ,  C l i n i c a l  D i r e c t o r  of t h e  N a t i o n a l  Cancer 
I n s t i t u t e ,  D r ,  B e r l i n  heads  a group s e p a r a t e  from D r ,  P e r r y ' s  group w i t h i n  
t h e  N a t i o n a l  Cancer I n s t i t u t e  where BATeam a c t i v i t i e s  have e x i s t e d  f o r  t h e  
p a s t  y e a r ,  D r ,  B e r l i n  expressed  an  i n t e r e s t  i n  BATeam a c t i v i t y ,  and when a 
convenient  d a t e  can be a r r a n g e d ,  t h e  BATeam p l a n s  t o  p r e s e n t  t h e  program t o  
D r .  B e r l i n ' s  s t a f f ,  

Na t iond l  l r ~ s t i t z r t e  of Environmental  Hea l th  S c i e n c e s  =- I n  August ,  1990, 
an i n v i t a t i o n  was given t o  D r .  P a u l  Kot in ,  D i r e c t o r  of NIEHS, t o  p a r t i c i p a t e  
i n  BATeam a c t i v i t i e s ,  D r .  Will iam P a i n e ,  A s s i s t a n t  D i r e c t o r  of NIEHS, r e p l i e d  
i n  D r ,  K o t i n ' s  absence t h a t  h e  would l i k e  t o  l e a r n  more about  t h e  BATeam 
program, and a p r e s e n t a t i o n  t o  t h e  s e n i o r  s t a f f  of NLEHS i s  planned i n  
October ,  1970. 

Ochsner C l i n i c  and Foundation - The Ochsner Foundation i s  a p r i v a t e  
r e s e a r c h  group a s s o c i a t e d  w i t h  t h e  Ochsner C l i n i c  i n  New O r l e a n s ,  Znves t i -  - 

g a t i o n  h a s  r e v e a l e d  t h a t  Ochsner i s  a s m a l l ,  p r i v a t e ,  and p r e s t i g i o u s  group 
p r i m a r i l y  s e r v i n g  t h e  South,  During a r o u t i n e  v i s i t  t o  Tulane by D r ,  Wooten, 
a r e q u e s t  was r e c e i v e d  from Ochsner t o  i n i t i a t e  a c t i v i t i e s ,  Approval was 
r e c e i v e d  from NASA t o  s t a r t  a p i l o t  program, and problem d e f i n i t i o n  h a s  
begun. 

Georgia I n s t i t u t e  of Technology Bioeng ineer ing  Cente r  - The Georgia 
I n s t i t u t e  of Technology h a s  r e c e n t l y  formed a Bioeng ineer ing  Cente r  which 
i s  des igned  t o  c o o r d i n a t e  and s t i m u l a t e  b iomedica l  e n g i n e e r i n g  a c t i v i t i e s  
i n  t h e  s t a t e  of Georgia .  D r .  E. J .  Sche ibner ,  Head of t h e  Bioeng ineer ing  
Cente r ,  r e q u e s t e d  t h a t  t h e  BATeam i n i t i a t e  a c t i v i t i e s  a t  h i s  c e n t e r ,  The 
Bioengineer ing Cente r  r e p r e s e n t s  a n  unusual  s i t u a t i o n  i n  t h a t  i t  w i l l  a c t  as 
a c o o r d i n a t i n g  a c t i v i t y  f o r  t h e  medica l  and e n g i n e e r i n g  s c h o o l s  w i t h i n  t h e  
S t a t e  of Georgia.  For t h i s  r e a s o n ,  t h e  Cen te r  is  i n  a un ique  p o s i t i o n  t o  
choose a p p r o p r i a t e  problems f o r  t h e  BATeam and t o  s t i m u l a t e  a c t i v i t y  i n  t h e  
implementat ion of s o l u t i o n s .  Agreement was reached  t o  s t a r t  a p i l o t  a c t i v i t y  
w i t h  t h e  Bioeng ineer ing  Center  i n  which t h e  Center  w i l l  s c r e e n  t h e  major 
problems submi t t ed  t o  i t  and w i l l  submit o n l y  t h e  a p p r o p r i a t e  ones  t o  t h e  
BATeam, 

Two medical  s c h o o l s  a r e  invo lved  w i t h  t h e  Georgia Tech Bioeng ineer ing  
V e n t e r :  Medical. Co l lege  of Georgia and Emory U n i v e r s i t y ,  A v i s i t  was made 

t o  t h e  Medical Col lege  o f  Georgia i n  August ,  1990, by D r ,  F; T. Vooten and 
M r ,  E r n e s t  Har r i son .  The program was p r e s e n t e d  t o  D r ,  F,  Behal,  Dean of 
Graduate S t u d i e s ,  and h i s  s e n i o r  s t a f f ,  Lt i s  antiripated t h a t  a limited 
number of problems will be for thcoming from t h i s  s c h o o l ,  The BMeam a l s o  
c o n t a c t e d  the Medical School of Emory U n i v e r s i t y  i n  September,  1970, and 
prpobl em defi; r i i t i o i i  is  expected s h o r t l y ,  

l i t a t i o n  -- A s  a r e s u l t  of  -- 
p u b l i c i t y  r e g a r d i n g  a p r e v i o u s  BATeam s u c c e s s ,  M r .  P a u l  T, B a s s e c t ,  D i r e c t o r  
of Research U L i l i z a t i o n  of t h e  V i r g i n i a  Department of Voca t iona l  
K e h a b i l i t a t ~ a ~ l ,  con tac red  t h e  BA'rearn and sugges ted  t h a t  t h e r e  was a p o s s i b i l i t y  



of u se fu l  i n t e r a c t i o n  wi th  one of t he  u n i t s  of t he  Virgj-nia Department of 
Vocational Rehabilitation--specificalLy, t he  Woodrow Wilson I n t e n s i v e  
Vocational Rehab i l i t a t i on  Center a t  P i she r sv ib l e ,  V i rg in i a .  This  u n i t  i s  
one of f i v e  i n t e n s i v e  voca t iona l  r e h a b i l i t a t i o n  c e n t e r s  i n  t h e  na t ion  
supported by HEW. M r .  Basse t t  is involved i n  implementing research  f ind ings  
i n t o  the  voca t iona l  r e h a b i l i t a t i o n  program i n  Vi rg in i a ,  and he requested 
t h a t  t he  p o s s i b i l i t y  of i n t e r a c t i o n  be determined. The BATeam v i s i t e d  t h i s  
group i n  September, 1970, t o  d iscuss  poss ib l e  i n t e r a c t i o n s  and soon there-  
a f t e r  received a  formal reques t  from the  F i s h e r s v i l l e  u n i t  f o r  BATeam a c t i -  
v i t y .  Problem d e f i n i t i o n  w i l l  begin s h o r t l y .  
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Thc c o n c l u s i o n s  and recommendations r e s u l t i n g  f rom the a c t i v i t i e s  of 
t he  R T I  BATeam and from a n a l y s i s  of i t s  a c t i v i t i e s  f o r  t h e  p e r i o d  from 
March 15 ,  1970, t o  September 30, 1 9 4 0 ,  a r e  p r e s e n t e d  i n  t h e  f o l l o w i n g  
paragraphs ,  

During t h e  remaining p e r i o d  of t h i s  c o n t r a c t ,  it i s  a n t i c i p a t e d  t h a t  
t h e  major problem a c t i v i t y  w i l l  be  s h i f t e d  from some of t h e  e x i s t i n g  u s e r  
i n s t i t u t i o n s  t o  new u s e r  i n s t i t u t i o n s .  The BATeam h a s  c o n t a c t e d  a number 
of new u s e r  i n s t i t u t i o n s ,  and i t  i s  a n t i c i p a t e d  t h a t  t h e  f low of new problems 
from t h e s e  i n s t i t u t i o n s  w i l l  compensate f o r  some of t h e  s t a g n a t i o n  o f  prob- 
lem a c t i v i t y  e v i d e n t  a t  t h e  o l d e r  u s e r  i n s t i t u t i o n s .  I n  a d d i t i o n ,  i t  i s  
a n t i c i p a t e d  t h a t  a s i g n i f i c a n t  p o r t i o n  of t h e s e  new problems w i l l  come from 
t h e  Nat iona l  I n s t i t u t e s  of Hea l th .  

The number of new problems t h a t  t h e  BATeam h a s  accep ted  h a s  begun t o  
i n c r e a s e  when compared w i t h  t h e  t r e n d  over  t h e  p a s t  f o u r  y e a r s .  New problem 
d e f i n i t i o n  had been d e c r e a s i n g  as t h e  BATeam p u t  more e f f o r t  i n t o  s o l v i n g  
i n d i v i d u a l  problems, R e c e n t l y ,  an i n c r e a s e  i n  new problem a c t i v i t y  h a s  been 
n o t e d ,  and t h e s e  problems must be  c a r e f u l l y  sc reened  t o  i n s u r e  t h a t  s u f f i -  
c i e n t  t i m e  can be  devoted t o  each problem a c c e p t e d .  

The r e s u l t s  of t h e  v a r i o u s  means used t o  o b t a i n  s o l u t i o n s  t o  problems 
show t h a t  computer i n f o r m a t i o n  s e a r c h i n g  i s  a t  t h i s  t i m e  a somewhat unpro- 
d u c t i v e  method of o b t a i n i n g  in format ion .  It i s  recommended t h a t  c a r e f u l  
s t u d y  be  made of t h e  Clingman s u r v e y ,  when a v a i l a b l e ,  i n  o r d e r  t o  implement 
c e r t a i n  recommendations t o  improve t h e  r e l a t i v e l y  low e f f i c i e n c y  of t h i s  
k ind of computer i n f o r m a t i o n  s e a r c h i n g .  

The response  from problem s t a t e m e n t s  c i r c u l a t e d  t o  NASA F i e l d  C e n t e r s  
h a s  shown t h a t  each problem s t a t e m e n t  r e c e i v e d  a n  average  of 3.65 r e s p o n s e s  
w i t h  a r e s p o n s e  t i m e  a v e r a g i n g  2 .5  months. It i s  recommended t h a t  some 
method of improving t h i s  t i m e  of r esponse  b e  implemented i n  o r d e r  t o  speed 
t h e  p r o c e s s  of technology t r a n s f e r .  The q u a l i t y  of r e s p o n s e s  t o  problem 
s t a t e m e n t s  is  a t  p r e s e n t  s u f f i c i e n t ,  b u t  t h e  t ime d e l a y  i n  r e c e i v i n g  r e s p o n s e s  
i s  u n s a t i s f a c t o r y ,  

The pr imary s o u r c e  of i n f o r m a t i o n  h a s  been found t o  be  d i r e c t  c o n t a c t  
w i t h  t h e  NASA F i e l d  C e n t e r s  by BATeam members. T h i s  i s  by f a r  t h e  most e f f i -  
c i e n t  method of o b t a i n i n g  i n f o r m a t i o n  because  l e s s  e f f o r t  by NASA p e r s o n n e l  
i s  r e q u i r e d ,  and a much f a s t e r  r esponse  t ime is  o b t a i n e d .  It i s  recommended 
t h a t  con t inued  emphasis b e  p laced  on t h i s  method of problem s o l v i n g ,  

The BATeam h a s  r e p o r t e d  e l e v e n  p o t e n t i a l  t r a n s f e r s  d u r i n g  t h i s  r e p o r t i n g  
p e r i o d  making a t o e a 1  of f o u r t e e n  a c t i v e  p o t e n t i a l  t r a n s f e r s  a t  t h i s  t i m e ,  
Th i s  s i g n i f i c a n t  i n c r e a s e  i n  t h e  number of a c t i v e  p o t e n t i a l  t r a n s f e r s  r e f l e c t s  
t h e  t i g h t e r  r equ i rements  f o r  t r a n s f e r s  now i n  e f f e c t ,  It i s  recommended 
t h a t  t h i s  new and s t r l c t e r  d e f i n i t i o n  of t r a n s f e r  c o n t i n u e  t o  be implemented, 
It i s  concluded,  however, t h a t  t h i s  more s t r i n g e n t  transfer d e f i n i t i o n  has  
resul ted  i n  longer  tirile r equ i rements  f a r  t h e  accomplishment of transfers, 
as a r e s u l t ,  an i n c r e a s e  an t h e  number of p o t e n t i a l  t r a n s f e r s  h a s  o c c u r r e d ,  



L i  is a l i v  ~ o n c l r ~ i l e d  F ~ o ~ i i  f l i t  L ~ S L L L ~ S  "L d a l e   ha: lilustoulr the existing 
t r a n s f e r s  are in :lie ea-rregur] 02 Elcbbdwdr~: ( ~ O L  exdnlpie) S E ~ I S O L S  or i~istrumen- 
tation); krowever, an increase i t n  the number of transfers in the category of 
materials information is available witl-iin the NASA system, It is anticipated 
that the RATeam .iiril l continue to accept these  m a t e r i a l  s-re1 a t e d  problems 
because of the poten~laL success m f l n d j n g  solutions, 

Finally, it is concluded that the major handicap at this time to accom- 
plishing transfers is in the implementation phase. It is clear that valuable 
information is available to solve many of the problems, and that very few 
problems are closed because of lack of information; however, because of a 
reduction in Federal medical research funds available to our user institutions, 
the actual implementation is very difficult to accomplish. It is recommended 
that careful study be made of the existing potential transfers to determine 
whether some action on the part of NASA personnel in the implementation phase 
will significantly enhance the accomplishment of these transfers, 
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A . 1  P o t e n t i a l  T r a n s f e r  Reports  

T h i s  s e c t i o n  p r e s e n t s  p o t e n t i a l  t r a n s f e r  r e p o r t s  f o r  t h e  f o l l o w i n g  
problems which were  r e p o r t e d  a s  p o t e n t i a l  t r a n s f e r s  dur ing  t h i s  
r e p o r t i n g  p e r i o d  and which were  a c t i v e  a s  of September 30, 1970. 
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P O T E X T I A L  T R A N S F E R  R E P O R T  

"Urine Flowmeter" 

D r .  S a u l  Boyarsky, Washington U n i v e r s i t y  

Team Member - F, Thomas Wooten, Ph,D. 

Problem Acquired - J u n e ,  1969 
P o t e n t i a l  T r a n s f e r  I d e n t i f i e d  - August ,  1990 
Elapsed T i m e  - 1 4  Months 

D e s c r i p t i o n  of Problem 

Kidney d i s e a s e s  a r e  q u i t e  v a r i e d ,  b u t  they  a t t a c k  a l l  age  groups  and 
c a u s e  t h e  d e a t h  o f  60,000 Americans each y e a r .  I n  o r d e r  t o  u n d e r s t a n d  
t h e s e  d i s e a s e s ,  a n  improved u n d e r s t a n d i n g  of  t h e  u r o l o g i c a l  sys tem i s  
n e c e s s a r y .  One of  t h e  p a r t s  of t h e  u r o l o g i c a l  sys tem of  p a r t i c u l a r  
i n t e r e s t  i s  t h e  u r e t e r ,  i . e .  t h e  t u b e s  t h a t  connect  each kidney t o  t h e  
b l a d d e r ,  U r i n e  f low measurements i n  t h e  u r e t e r  a r e  b e i n g  used i n  a  
r e s e a r c h  s t u d y  t o  unders tand  u r e t e r a l  p h y s i o l o g y ,  lmproved f low 
measurement t e c h n i q u e s  a l s o  cou ld  b e  used i n  c l i n i c a l  s t u d i e s  of k i d n e y ,  
u r e t e r a l ,  and b l a d d e r  d i s e a s e s .  X I 1  e x i s t i n g  te i -hniques  f o r  rncnsurin$ 
f low i n  t h e  u r s t e r  in\rolvt. c ~ l l t l i t i u g  s L ~ m p l e s  o i  u r i n e  aver detinitc 
i n t e r v a l s  of  t ime  and c a l c u l a t i n g  a v e r a g e  f low r a t e s ,  These a v e r a g e  
f l o w  measurements a r e  n o t  s a t i s f a c t o r y  when t h e  p u l s a t i l e  n a t u r e  of 
f low i n  t h e  u r e t e r  i s  b e i n g  s t u d i e d ,  T h i s  p u l s a t i l e  f low of u r i n e  
is  f e l t  t o  b e  v e r y  impor tan t  i n  o b t a i n i n g  a  b e t t e r  u n d e r s t a n d i n g  of  
u r e t e r a l  phys io logy .  U r i n e  f lows  th rough  t h e  u r e t e r  i n  s m a l l  
e l l i p s o i d i a l  masses ,  each of which i s  c a l l e d  a b o l u s .  Each b o l u s  
l e a v e s  t h e  k idney and i s  t r a n s m i t t e d  a s  a u n i t  t o  t h e  b l a d d e r  through 
t h e  u r e t e r .  Thus, a t  a  g iven  p o i n t  i n  t h e  u r e t e r ,  a n  o b s e r v e r  would 
s e e  a  s e r i e s  of  b o l u s  p a s s i n g  t h e  p a r t i c u l a r  p o i n t  a t  a  r a t e  of abou t  
1 t o  5 p e r  m i n u t e ,  Th i s  i s  t h e  n a t u r e  o f  t h e  p u l s a t i l e  f low i n  t h e  
u r e t e r .  

The requ i rement  h e r e  i s  f o r  a  t e c h n i q u e  f o r  measur ing i n s t a n t a n e o u s  
r a t e s  of u r i n e  f low i n  t h e  u r e t e r .  The t r a n s d u c e r  can b e  used e i t h e r  
i n t e r n a l l y  o r  e x t e r n a l l y ,  I f  a n  e x t e r n a l  t r a n s d u c e r  is  used ,  t h e  f low 
of  u r i n e  can  b e  d i v e r t e d  t o  a  p o i n t  o u t s i d e  Lhe a n i m a l ' s  body 11sing a  
c a t h e t e r .  If a c a t h e t e r  i s  used ,  t h e  d i a m e t e r  rr~ust b e  l e s s  t h a n  2 
mi lL imete r s  so t h a t  t h e  flow c h a r a c t e r i s t i c s  a r e  n o t  d i s t u r b e d ,  

The f l o ~ ~ r ~ i ~ e t e r  s h o u l d  measure t r a n s i e n t  u r i n e  Ploe~s of from I t o  100 
cc/min w i t h  arn accu lacy  of ?rl%. The pressure varies from 0-20 mm IIg, 
Size 0 5  L l l e  fiowioeter i s  nor: i n r p o r t a n t  ' i~ecalase t h e  flowmeter can be  



outside tlie ~ o d y ,  However, i f  the flot.rmeter is used i n  t h e  body ,  the  
diameter must b e  less than  2 mm, 

P c t e n t i a l  - S o l u t i o n  

A computer s e a r c h  of t h e  NASA document bank d i s c l o s e d  no s i g n i f i c a n t  
i n f o r m a t i o n .  A d e t a i l e d  s e a r c h  o f  commercial l i q u i d  flowmeters 
r e v e a l e d  no s u i t a b l e  a v a i l a b l e  d e v i c e s .  

A problem s t a t e m e n t  was c i r c u l a t e d  t o  a l l  NASA f i e l d  c e n t e r s ,  and f i v e  
r e p l i e s  were  r e c e i v e d .  One r e p l y ,  from D r .  S .  P .  Vinograd of NASA 
Headquar te r s ,  d i r e c t e d  t h e  team t o  D r ,  H .  F. Poppendiek of Geoscience,  
L t d .  D r .  Poppendiek had proposed t o  NASA, f o r  ae rospace  purposes ,  a  
l i q u i d  flowmeter u s i n g  t h e  h o t  t h e r m i s t o r  approach.  The approach had 
s e v e r a l  unique f e a t u r e s  which appear  t o  s o l v e  t h e  problem. D r ,  Boyarsky 
is  p r e s e n t l y  n e g o t i a t i n g  a  c o n t r a c t  t o  b u i l d  t h e  u n i t .  

Note: Th is  problem o r i g i n a t e d  a t  Duke U n i v e r s i t y .  During t h e  p e r i o d  
of t h e  problem, D r .  Boyarsky moved t o  Washington U n i v e r s i t y  t o  become 
Chairman of t h e  Urology Department.  The problem remained a c t i v e  
because  o f  D r .  Boyarsky 's c o n t i n u i n g  i n t e r e s t  . 
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D e s c r i p t i o n  -.--- of Problem 

P a r k i n s o n ' s  Syndrome i s  a  d i s e a s e  a f f e c t i n g  a  s i g n i f i c a n t  number of 
peop le  and t h e  p r i n c i p a l  f e a t u r e s  of t h e  d i s e a s e  a r e  c o a r s e  t r emors  
i n v o l v i n g  t h e  head and t h e  l i m b s ,  s lowness  of movement, s low o r  
s h u f f l i n g  walk,  and l o s s  of f a c i a l  e x p r e s s i o n .  One method f o r  t r e a t -  
i n g  t h i s  d i s e a s e  i s  t h e  p r o d u c t i o n  of l e s i o n s  ( i n j u r e d  r e g i o n s )  i n  
t h e  b r a i n .  S e v e r a l  methods of producing t h e s e  l e s i o n s  e x i s t ,  one of 
which i s  t h e  u s e  of a s m a l l  r f  ( r a d i o  f requency)  f i e l d  probe.  I n  
o r d e r  t o  c o n t r o l  t h e  p r o d u c t i o n  of t h e  l e s i o n ,  good tempera tu re  
measurement is r e q u i r e d  a t  t h e  s i t e  o f  t h e  l e s i o n .  

Two types  of r f  l e s i o n  probes  a r e  used.  One t y p e  i s  an  i n f l e x i b l e  
c y l i n d e r  0,080" x  12" and t h e  o t h e r  t y p e  i s  a n  i n f l e x i b l e  c y l i n d e r  
0.080" x  10" w i t h  a  f l e x i b l e  c y l i n d r i c a l  t i p  w i t h  dimensions 
0.20" x  1". I n  t h e  f i r s t  t y p e  of p r o b e ,  a  s m a l l  thermocouple i s  
mounted on t h e  t i p  o f  t h e  p robe .  I n  t h e  second t y p e  of probe t h e  
t empera tu re  of i n t e r e s t  occurs  a t  t h e  end of t h e  f l e x i b l e  0.020" 
d iamete r  t i p .  The t i p  is  s o  s m a l l  t h a t  t h e  r e s e a r c h e r  has  been unab le  
t o  mount a  thermocouple on t h e  end,  

The r e s e a r c h e r  r e q u i r e s  a  means of measur ing t empera tu re  on t h e  end 
o f  t h e  f l e x i b l e  probe t i p .  

0 
The t empera tu re  measurement shou ld  have a  p r e c i s i o n  of 0 . 2  C and a n  

0 0 0 
accuracy of 0 . 5  C ,  The tempera tu re  range  i s  30 C t o  50 C,  The 
measurement method shou ld  n o t  s i g n i f i c a n t l y  e n l a r g e  t h e  d iamete r  of 
t h e  f l e x i b l e  t i p ,  

P o t e n t i a l  S o l u t i o n  

The b a s i c  s o l u t i o n  t o  t h i s  problem i s  t o  u s e  a  t h i n  f i l m  thermocouple 
o r  t h e r m i s t o r  on t h e  probe t i p ,  This  w i l l  a l low e s s e n t i a l l y  no 
change i n  t h e  probe s i z e  o r  roughness ,  and i n  a d d i t i o n  w i l l  allow 
fast "Lim erespocse in t-emperature measurene~lt , 



d;ie i i i c i i i : , c i  i t )  L pg? y i r i ,  a r h r i ~  F i L i t ~  L ~ : ~ T L I ~ ~ S L  c l i  Fb LC, use I : a _ l i ~ ~ i i ~ d  

L l q u r d  B r i g L ~  I'i , z s i ~ ~ u m  wiilch is a l i q u i d  t h a t  can be fired t o  allow 
a t h i n  f i l m .  ' i h l s  cecklniqme is  d e s c r i b e d  i n  t h e  fo l lowing  doc urnents: 
N66- L8052, A64 256~9. 

The second p o s s i b l e  ~ a e t h o d  is  t h e  use  of e l e c t r o p l a t i n g ,  E l e c t r o -  
p l a t e d  thermocouples have been used by a  NASA c o n t r a c t o r ,  TRW, which 
h a s  i n d i c a t e d  c h a t  tlii s approach i s  f e a s i b l e .  

The t h i r d  p o s s i b l e  method f o r  app ly ing  t h i n  f i l m s  i s  vapor  d e p o s i t i o n  
(vacuum o r  s p u t t e r i n g )  which i s  somewhat more d i f f i c u l t  on t h e  
c y l i n d r i c a l  shape  o f  i n t e r e s t .  

l n  a l l  t h e  above methods i t  would b e  b e s t  t o  u s e  one of t h e  e l e c t r o d e s  
o f  t h e  c o a x i a l  probe a s  a l e a d  s o  t h a t  on ly  one o t h e r  l e a d  would b e  
needed. I11 a d d i t i o n ,  a  c o a t i n g  of some wear r e s i s t a n t  i n s u l a t o r  
would be  d e s i r a b l e .  

Source  o f  Po ten t ia l -_Solu t ion  

This  p o t e n t i a l  s o l u t i o n  r e s u l t e d  from a  computer s e a r c h  No. 1838 
"Thin F i lm Thermocouples," of t h e  ae rospace  docurneilt bank, 

P o t e n t i a l  B e n e f i t s  -- 

N i t h  t h i s  t empera tu re  measurement, t h e  su rgeon  can  perform more p r e c i s e  
l e s i o n  p r o d u c t i o n  w i t h  a  r e s u l t i n g  improvement i n  t h e  c o n t r o l  of 
P a r k i n s o n ' s  Syndrome. 
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D e s c r i p t i o n  of  Problem 

P o l i o m y e l i t i s  i s  a  v i r u s  i n f e c t i o n  which can r e s u l t  i n  v a r y i n g  d e g r e e s  
of  p a r a l y s i s  i n c l u d i n g  t o t a l  p a r a l y s i s  of  t h e  body e x c e p t  f o r  t h e  head 
and neck,  The i n c i d e n c e  of  p o l i o m y e l i t i s  h a s  been d r a m a t i c a l l y  r e -  
duced by t h e  u s e  of  a  v a c c i n e ,  b u t  many of t h e  v i c t i m s  of  t h e  epidenxics 
of 1945-55 a r e  s t i l l  s u r v i v i n g  w i t h  t h e  a i d  o f  mechan ica l  r e s p i r a t o r s .  
About 1500 of  t h e s e  v i c t i m s  a r e  c o n f i n e d  t o  " i r o n  lungs"  and improve- 
ments i n  t h e s e  u n i t s  are r e q u i r e d .  

A r t i f i c i a l  r e s p i r a t i o n  can  b e  produced by app ly ing  a  p o s i t i v e  
p r e s s u r e  o r  a  n e g a t i v e  p r e s s u r e  on t h e  o u t s i d e  o f  t h e  c h e s t .  The 
p o s i t i v e  p r e s s u r e  method canno t  be  used f o r  long  p e r i o d s  o f  t ime  
because  o f  t h e  r e s u l t i n g  c o n s t r i c t i o n s  i n  t h e  c a r d i o v a s c u l a r  sys tem.  
P o s i t i v e  p r e s s u r e  can b e  a p p l i e d  f o r  b r i e f  p e r i o d s  on t h e  i n s i d e  of  
t h e  l u n g s ,  b u t  t h i s  method is u n s u i t a b l e  because  t h e  p a t i e n t  canno t  
t a l k  a d e q u a t e l y .  

Most s u i t a b l e  r e s p i r a t i o n  methods u s e  a  n e g a t i v e  p r e s s u r e  on t h e  
c h e s t  w a l l  w i t h  v a r i o u s  c o n f i g u r a t i o n s  f o r  app ly ing  t h i s  p r e s s u r e .  
The most f a m i l i a r  c o n f i g u r a t i o n  i s  t h e  t ank  r e s p i r a t o r  o r  " i r o n  lung" 
which is  s imply  a c y l i n d e r  t h a t  e n c l o s e s  t h e  p a t i e n t  from t h e  neck t o  
t h e  f e e t .  A moving p i s t o n  produces  a  p e r i o d i c  n e g a t i v e  p r e s s u r e .  

Another c o n f i g u r a t i o n  f o r  a p p l y i n g  a  n e g a t i v e  p r e s s u r e  i s  t h e  c u i r a s s  
o r  "peanut s h e l l "  t y p e  which is  s imply a  s h e l l  t h a t  f i t s  o v e r  t h e  top  
o f  t h e  c h e s t  and a  n e g a t i v e  p r e s s u r e  i s  a p p l i e d  t o  t h e  s h e l l .  Th i s  
n e g a t i v e  p r e s s u r e  p r o v i d e s  t h e  r e q u i r e d  s e a l  between t h e  s h e l l  and 
t h e  c h e s t  a s  w e l l  a s  t h e  f o r c e  f o r  moving t h e  c h e s t  w a l l ,  

The t ank  r e s p i r a t o r s  p r o v i d e  t h e  b e s t  lung  v e n t i l a t i o n ,  b u t  they  a r e  
v e r y  bulky and c o n f i n e  .the p a t i e n t  t o  a  h o r i z o n t a l  p o s i t i o n ,  T h i s  
means the p a t i e n t  f i n d s  i L  v e r y  d i f f i c u l t  t o  pe r fo rm s i m p l e  t a s k s  
such as t u r n i n g  pages  o f  d hook (by  a stick h e l d  i1-i t h e  mouth) dnd 
u s i n g  a typewriter (wli ~ l i  a s trck a l s o )  , 3 h e  p a t l e n i  has no r n o b ~ l l i t y ,  
and a l s o  f i r ids  i t  d i f f i c u l t  t o  remove n a s a l  c o n g e s t i o n  which is 
q u i t e  p r e v a l e n t ,  



Many o f  the p ~ o h l e r n s  C B ~ ]  be s o l ~ r e d  if t h e  p a t i e n t  car: s i t  .*- dr. The 
c u i r a s s  u n i t s  enable  t h e  p a t i e n t  to s i t  up and a l l o w  a  f a i r  degree  
of m o b i l i ~ y  i n  a wheel c h a i r ,  P a t i e n t s  can t r a v e l  and perform s imple  
t a s k s  w h i c h  enab ie them t o  take a more a t t i l r e  and u s e f u l  role i n  
s o c i e t y ,  U n f o r t u n a t e l y ,  t h e  c u i r a s s  u n i t s  a r e  about  30% - 50% a s  
e f f i c i e n t  i n  p r o v i d i n g  a i r  t o  t h e  lungs  s o  t h a t  on ly  v e r y  l i m i t e d  u s e  
can  b e  made of t h e s e  u n i t s .  

The b a s i c  problem i s  t o  p r o v i d e  a  method of l u n g  v e n t i l a t i o n  t h a t  h a s  
t h e  e f f i c i e n c y  of t h e  t a n k  u n i t  and t h e  f l e x i b i l i t y  and p o r t a b i l i t y  
of t h e  c u i r a s s  u n i t s .  It appears  t h a t  i n  o r d e r  t o  p r o v i d e  adequa te  
v e n t i l a t i o n ,  a  t o t a l  e n c l o s u r e  of t h e  c h e s t  i s  r e q u i r e d .  Thus t h e  
new c o n f i g u r a t i o n  shou ld  p rov ide  a  means of e n c l o s i n g  t h e  c h e s t  from 
t h e  neck t o  t h e  h i p ,  p r o v i d e  a n  adequa te  s e a l  f o r  low n e g a t i v e  p r e s -  
s u r e s ,  and p r o v i d e  a  f l e x i b i l i t y  such t h a t  a  p a t i e n t  can s i t  up a s  
w e l l  a s  l i e  down. 

A n e g a t i v e  p r e s s u r e  o f  from 0-40 c e n t i m e t e r s  of w a t e r  i s  r e q u i r e d .  
A  b r e a t h i n g  r a t e  of about  15-20 t imes p e r  minute  i s  t y p i c a l  w i t h  an  
exchange of a i r  i n  t h e  l u n g s  of about  one l i t e r  p e r  b r e a t h .  Thus t h e  
exchange of a i r  i n  t h e  e n c l o s u r e  s h e l l  w i l l  b e  abou t  2 l i t e r s .  

P o t e n t i a l  S o l u t i o n  

During t h e  schedu led  NASA Slcylab f l i g h t s ,  t h e  use  of a  t i l t  t a b l e  f o r  
c a r d i o v a s c u l a r  t e s t i n g  i s  p rec luded  by t h e  z e r o  g r a v i t y ,  To s o l v e  
t h i s  problem a  n e g a t i v e  p r e s s u r e  i s  p l a c e d  on t h e  lower h a l f  of t h e  
a s t r o n a u t ' s  body when i t  is  p laced  i n  a  chamber c a l l e d  t h e  Lower Body 
Negat ive  P r e s s u r e  Device  (LBNP). The LBNP r e q u i r e s  a  s e a l  a t  t h e  
w a i s t  f o r  t h e  n e g a t i v e  p r e s s u r e s  of 40 mm. Hg. 

Th is  LBNP s e a l  p r o v i d e s  a  major p a r t  of t h e  requirement  f o r  a  p o r t a b l e  
r e s p i r a t o r ,  The s e a l  f i t s  a wide range  of w a i s t  s i z e s  and i s  l i g h t -  
w e i g h t .  I n  a d d i t i o n ,  numerous l i g h t w e i g h t  p l a s t i c s  have been developed 
f o r  ae rospace  a p p l i c a t i o n s  and can b e  adap ted  f o r  s t r u c t u r a l  r e q u i r e -  
ments.  

Much of t h i s  technology i s  a v a i l a b l e  a t  MSFC, and p e r s o n n e l  t h e r e  
have sugges ted  s e v e r a l  a i r  supp ly  i d e a s  which w i l l  p r o v i d e  c o o l i n g  
t o  t h e  p a t i e n t  when r e q u i r e d .  

P e r s o n n e l  a t  MSFC a r e  now a t t e m p t i n g  t o  o b t a i n  t h e  necessa ry  approval  
t o  s t a r t  a p p l i c a t i o n  e n g i n e e r i n g ,  
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D e s c r i p t i o n  of Problem 

Leukemia, a  major form of c a n c e r ,  i s  a  d i s e a s e  c h a r a c t e r i z e d  by a 
s e l f - p e r p e t u a t i n g  p r o l i f e r a t i o n  o f  w h i t e  blood c e l l  forming t i s s u e .  

The N a t i o n a l  Cancer I n s t i t u t e  o f  t h e  N a t i o n a l  I n s t i t u t e s  o f  Hea l th  i s  
conduc t ing  a  v igorous  program d i r e c t e d  toward f i n d i n g  t h e  c a u s e s  and 
c u r e s  f o r  t h i s  d i s e a s e ,  I n  t h e  c l i n i c a l  phase  of t h i s  program, a 
problem e x i s t s  i n  t h e  e a r l y  d e t e c t i o n  of shock.  Shock i s  d e f i n e d  a s  
a sudden r e d u c t i o n  i n  t h e  volume of c i r c u l a t i n g  b lood .  Shock n o t  un- 
commonly o c c u r s  a s  t h e  r e s u l t  o f  hemorrhage, i n f e c t i o n ,  o r  a  combina- 
t i o n  of t h e  two. I f  n o t  r ecognized  e a r l y ,  t h e  shock becomes 
i r r e v e r s i b l e  and r a p i d l y  f a t a l .  Thus a  need e x i s t s  f o r  an a c c u r a t e  
i n d i c a t o r  of t h e  o n s e t  of shock s o  t h a t  c o r r e c t i v e  measures can b e  
t a k e n  , 

One impor tan t  measure of t h e  o n s e t  of shock i s  a  r e d u c t i o n  i n  blood 
p r e s s u r e .  Blood p r e s s u r e  i s  d e f i n e d  a s  t h e  p r e s s u r e  e x e r t e d  by t h e  
b lood  w i t h i n  t h e  a r t e r i e s ,  The two p r e s s u r e s  of i n t e r e s t ,  s y s t o l i c  
and d i a s t o l i c ,  a r e  t h e  maximum and minimum p r e s s u r e s  e x e r t e d  on t h e  
w a l l s  of t h e  a r t e r i e s  by t h e  p u l s a t i l e  pumping of t h e  h e a r t .  

The primary method f o r  measuring blood p r e s s u r e  i s  t h e  sphygmomanometer 
which i s  a  cuf f  p laced  around t h e  upper arm. The microphone of a 
s t e t h o s c o p e  i s  p l a c e d  under  t h e  c u f f  and over  t h e  b r a c h i a l  a r t e r y  n e a r  
t h e  f o l d  of t h e  arm, The c u f f  i s  i n f l a t e d  t o  a  p r e s s u r e  which i s  
h i g h e r  t h a n  maximum blood p r e s s u r e  and i s  t h e n  s l o w l y  reduced ,  When 
t h e  c u f f  p r e s s u r e  reaches  t h e  s y s t o l i c  o r  maximum p r e s s u r e ,  a  p u l s e  
i s  h e a r d  i n  t h e  s t e t h o s c o p e .  Laen t h e  c u f f  p r e s s u r e  i s  reduced s t i l l  
f u r t h e r  t o  t h e  d i a s t o l i c  p r e s s u r e ,  t h e  p u l s e  sounds drop s h a r p l y .  

The  u s u a l  c u f f  method i s  u n d e s i r a b l e  f o r  con t inuoas  moni to r ing  of 
b l o o d  pressure kecaus?  of the need  f o ~  r e p e a t e d  i n f l a t i o n  o f  t h e  c u f f  
wh ich  d i s t u r b s  ihe pstienr 



A method of monxeoring b l o o d  p r e s s u r e  on a con t inuous  b a s i s  i s  
r t tq~~iip.ed f o r  Led p a t i e n t s  , 'I'lte method shou ld  no t  s ig r i i f i ca r?k ly  d i s -  
t u r b  the p a t i e n t .  The p r e s s u r e  range of i n t e r e s t  i s  0-200 miis, Iig, 
and a s e i n s i r i v i t y  of  from 5-10 nmm. Iig, i s  r e q u i r e d .  An i n v a s i v e  
t echn ique  ( i , e ,  one which punc tures  t h e  s k i n )  i s  cons idered  u n d e s i r a b l e .  

The e a r  ox imete r  des igned f o r  measuring a s t r o n a u t  b lood oxygen c o n t e n t  
is a p o t e n t i a l  s o l u t i o n  t o  t h i s  problem. The ox imete r  i s  des igned  
t o  c l i p  on t o  t h e  e a r  and measure b lood  oxygen by a b s o r p t i o n  of i n f r a -  
r e d  r a d i a t i o n .  Blood oxygen can b e  used t o  d e t e c t  o n s e t  of shock and,  
i n  a d d i t i o n ,  t h e  o u t p u t  s i g n a l  i s  r e l a t e d  t o  p r e s s u r e  s o  t h a t  t h e  ear 
oximetry  has  a  p o t e n t i a l  f o r  s o l u t i o n  t o  t h i s  problem. 

Source of P o t e n t i a l  S o l u t i o n  

During a  t r i p  t o  Ames Research Cente r  by D r .  F. T. Wooten, a  con- 
v e r s a t i o n  was arranged w i t h  M r .  Joseph R.  Smith by M r .  George Edwards, 
Technology U t i l i z a t i o n  O f f i c e r .  M r .  Smith sugges ted  t h i s  approach t o  
t h e  problem, 

The r e s e a r c h e r  h a s  i n d i c a t e d  h e  would l i k e  t o  de te rmine  t h e  e f f i c a c y  
of t h i s  approach by making measurements w i t h  t h e  equipment i n  h i s  
c l i n i c a l  l a b o r a t o r y .  E f f o r t s  a r e  b e i n g  made t o  o b t a i n  t h e  equipment.  

P o t e n t i a l  B e n e f i t s  t o  b e  Der ived 

I f  t h e  e f f i c a c y  of t h i s  approach can b e  proven,  a  s i g n i f i c a n t  advance 
i n  moni to r ing  of leukemia p a t i e n t s  w i l l  occur .  Th i s  w i l l  p o t e n t i a l l y  
improve t h e  m o r t a l i t y  caused by shock i n  c r i t i c a l l y  ill p a t i e n t s .  



Y O ' i E N r i i . A L  ' Y R A N S F E R  R E P O R T  

"'Method of C o n t r o l l i n g  Ra te  of Cooling i n  L iqu ids"  

D r .  Ronald Yankee, N a t i o n a l  Cancer I n s t i t u t e  

Team Member - D r .  F. T, Wooten 

Problem Acquired - November 1969 
P o t e n t i a l  T r a n s f e r  I d e n t i f i e d  - A p r i l  1970 
Elapsed Time - 5 months 

D e s c r i p t i o n  o f  Problem 

Leukemia, a  d i s e a s e  which k i l l s  abou t  15,000 Americans a n n u a l l y ,  is 
c h a r a c t e r i z e d  by a p r o l i f e r a t i o n  o f  t h e  t i s s u e  which forms w h i t e  blood 
c e l l s .  Although t h e  w h i t e  c e l l s  i n  t h e  blood can e i t h e r  i n c r e a s e ,  
d e c r e a s e ,  o r  remain c o n s t a n t  i n  number, t h e  bone marrow where t h e  
c e l l s  a r e  formed w i l l  p r o l i f e r a t e .  

Treatment o f  leukemia i n v o l v e s  k i l l i n g  t h e  cancerous  w h i t e  b lood  
c e l l s  i n  t h e  blood and i n  t h e  bone marrow u s i n g  d rugs  o r  r a d i a t i o n .  
Th is  p r o c e s s  can cause  l o s s  of a l l  bone marrow s o  t h a t  normal w h i t e  
c e l l  p roduc t ion  cannot  occur .  

When t h i s  l o s s  o f  bone marrow o c c u r s ,  w h i t e  c e l l s  must b e  r e s u p p l i e d  
t o  t h e  p a t i e n t .  For t h i s  purpose  a  bank o r  s t o r a g e  f a c i l i t y  o f  w h i t e  
c e l l s  i s  r e q u i r e d .  Th is  is  i m p o s s i b l e  a t  p r e s e n t  because  a d e q u a t e  
s t o r a g e  p rocedures  a r e  u n a v a i l a b l e .  Although r e d  c e l l s  can b e  p re -  
s e r v e d  by f r e e z i n g ,  many w h i t e  c e l l s  a r e  now des t royed  by t h e  e x i s t i n g  
f r e e z i n g  and thawing p rocedures .  One impor tan t  pa ramete r  i n  f r e e z i n g  
w h i t e  c e l l s  i s  b e l i e v e d  t o  be  t h e  r a t e  of t empera tu re  change.  T h i s  
pa ramete r  i s  b e l i e v e d  t o  b e  impor tan t  because  exper iments  have shown 
t h a t  improved y i e l d s  of w h i t e  c e l l s  have r e s u l t e d  when rudimentary  
c o n t r o l s  a r e  p laced  on t h e  r a t e  o f  t empera tu re  change. R a t e  o f  
t empera tu re  change cannot ,  a t  p r e s e n t ,  b e  adequa te ly  c o n t r o l l e d  because  
o f  t h e  p l a t e a u  i n  c o o l i n g  r a t e  when t h e  l a t e n t  h e a t  i s  r e l e a s e d  a t  t h e  
f r e e z i n g  p o i n t .  

The p r e s e n t  method f o r  f r e e z i n g  i s  a  l i q u i d  n i t r o g e n  system which 
c o o l s  a  secondary l i q u i d ,  which i n  t u r n  c o o l s  t h e  c e l l s  c o n t a i n e d  i n  
a f l a t  T e f l o n  bag,  To p r e v e n t  con tamina t ion  of t h e  c e l l s ,  i t  i s  
d e s l r a b i e  t h a t  any new t echn ique  u t i l i z e  a  T e f l o n  c o n t a i n e r ,  

The b a s i c  requirement is to have a method of defecting the onset of 
freezing and then i nc-reas i n g  t h e  h e a t  ir2ns Fer  vat^ drxr i n g  t h e  re l ease 



0 6  l a t e n t  heat. so t h a t  a nea r ly  c o n s t a n t  r a t e  of temperature change 
0 

w i t h  time can be maintained from room temperature t o  -50 6 ,  

The u n i t  shou ld  b e  c a p a b l e  o f  f r e e z i n g  100 m i l l i l i t e r s  of w h i ~ e  
0 

c e l l s  a t  a  c o n s t a n t  r a t e  which can b e  v a r i e d  from 1 t o  1 0  C p e r  
minu te .  The thermodynamic p r o p e r t i e s  o f  w h i t e  c e l l s  a r e  n o t  known, 
b u t  a  good approximat ion i s  t h a t  t h e y  a r e  similar t o  w a t e r .  The 

0 
f r e e z i n g  p o i n t ,  t h e  on ly  parameter  well-known, v a r i e s  from -5 C t o  

0 
-20 C ,  depending on t h e  p a r t i c u l a r  sample,  

D e s c r i p t i o n  of P o t e n t i a l  S o l u t i o n  

A s  shown i n  t h e  a t t a c h e d  s k e t c h ,  t h e  w h i t e  cells a r e  c o n t a i n e d  i n  
t h e  bag o r  b l a d d e r .  Cooling i s  s u p p l i e d  by t h e  l i q u i d  n i t r o g e n  t u b e s  
and i s  c o n t r o l l e d  by h e a t i n g  t h e  magnet w i r e .  By reduc ing  t h e  a i r  
s p a c e  between t h e  magnet w i r e s ,  good thermal  c o n t a c t  i s  a s s u r e d  
between t h e  c e l l s  and t h e  c o o l i n g  c o i l .  

When t h e  f r e e z i n g  p o i n t  i s  reached ,  h e a t i n g  i s  d i s c o n t i n u e d  s o  t h a t  
a s h a r p  i n c r e a s e  i n  the rmal  f low o c c u r s .  

The t empera tu re  i s  c o n t r o l l e d  by a  modif ied Wheatstone Br idge  c a l l e d  
a  PWM Br idge  and c a p a b l e  of t empera tu re  c o n t r o l  of 0 . 0 0 1 ~ ~ .  

Source of P o t e n t i a l  S o l u t i o n  

The s o l u t i o n  r e s u l t e d  from t h e  a l e r t  r e s p o n s e  t o  a  problem s t a t e m e n t  
c i r c u l a t e d  a t  J e t  P r o p u l s i o n  Labora to ry .  M r .  L .  S .  Doubt o f  t h e  
Technology U t i l i z a t i o n  O f f i c e  c o r r e l a t e d  t h e  problem s t a t e m e n t  t o  
t h e  p o t e n t i a l  s o l u t i o n .  The c o o l i n g  c o i l  was des igned  by M r .  W .  M .  
Tener  and t h e  c o n t r o l  by M r .  R.  C .  Heyser.  

P o t e n t i a l  B e n e f i t s  t o  b e  Der ived 

I f  t h i s  u n i t  can b e  b u i l t ,  t h e  r e s e a r c h e r  w i l l  b e  a b l e  t o  v e r i f y  
t h e  h y p o t h e s i s  t h a t  c o n t r o l l e d  c o o l i n g  can i n c r e a s e  t h e  y i e l d  o f  
w h i t e  c e l l s .  I f  s u c c e s s f u l ,  t h i s  w i l l  remove a major o b s t a c l e  i n  
t h e  p a t h  t o  w h i t e  c e l l  banks .  
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P O T E N T I A L  T R A N S F E R  R E P O R T  

" E l l i p t i c a l  Lens" 

M r .  P h i l  S t e i n ,  N a t i o n a l  Cancer I n s t i t u t e  

Team Member - D r .  F.  T. Wooten 

Problem Acquired - A p r i l  1970 
P o t e n t i a l  T r a n s f e r  I d e n t i f i e d  - June  1970 
Elapsed Time - 2 months 

D e s c r i p t i o n  of Problem 

I n  many advanced medical  r e s e a r c h  s t u d i e s  ( e . g .  cancer  s t u d i e s ) ,  
t h e  b a s i c  u n i t  of s t u d y  i s  t h e  human c e l l .  A s  medica l  s c i e n c e  h a s  
demanded more i n f o r m a t i o n  on c e l l u l a r  a c t i v i t i e s ,  technology h a s  f r e -  
q u e n t l y  p layed  a  c r i t i c a l  r o l e  i n  e x t r a c t i n g  t h e  i n f o r m a t i o n  from 
r e g i o n s  w i t h i n  each c e l l .  

An e x c e l l e n t  example of t h i s  f a c t  i s  a  s t u d y  b e i n g  conducted by t h e  
N a t i o n a l  I n s t i t u t e s  o f  H e a l t h  i n  which a n  o p t i c a l  microscope i s  
c o n t r o l l e d  by a  d i g i t a l  computer i n  o r d e r  t o  g e t  q u a n t i t a t i v e  
mic rospec t rophotomet r ic  h i s t o c h e m i c a l  d a t a .  Th i s  s t u d y  cou ld  n o t  b e  
conducted o t h e r w i s e  because  o f  t h e  l i m i t a t i o n s  on t h e  human eye  a s  a  
c o l o r i m e t e r .  I n  a d d i t i o n ,  t h i s  same sys tem can b e  used t o  o b t a i n  
th ree -d imens iona l  m i c r o a r c h i t e c t u r e  o f  human t i s s u e .  

Although t h i s  s t u d y  h a s  been underway f o r  some t i m e ,  a  d i f f i c u l t y  h a s  
been encountered i n  o b t a i n i n g  s u f f i c i e n t  l i g h t  i n t e n s i t y  from t h e  
monochromator which is  focused on t h e  specimen. The l i g h t  s o u r c e  h a s  
been i n c r e a s e d  i n  i n t e n s i t y  t o  t h e  maximum p o s s i b l e .  

One p o s s i b l e  s o l u t i o n  i s  t o  u s e  an  e l l i p t i c a l  l e n s  between t h e  mono- 
chromator and t h e  specimen which w i l l  make more e f f e c t i v e  use  of t h e  
a v a i l a b l e  l i g h t ,  

Th i s  improvement i n  e f f i c i e n c y  r e s u l t s  because  a n  e l l i p t i c a l  l e n s  
c o n v e r t s  t h e  r e c t a n g u l a r  beam of l i g h t  from t h e  monochromator t o  a  
more c i r c u l a r  shape  and t h u s  more of t h e  monochromator o u t p u t  is  
focused  on t h e  sample ,  The r e s e a r c h e r s  have  been anab le  t o  l o c a t e  a 
commercial s o u r c e  f o r  t h e  d e s i r e d  l e n s ,  The N a t i o n a l  Bureau of 
S tandards  O p t i c a l  Shop h a s  i n d i c a t e d  a  w i l l i n g n e s s  t o  g r i n d  t h e  l e n s  
i f  p rocedures  for g r i n d i n g  e l l i p t i c a l  l e n s e s  can be o b t a i n e d .  



i'.,*~o c ~ r c u l a r  60 m l l b l ~ r i e ~ k r  clidlitecel lerrs ~ L P  r % ( j t ~ ~ - r e d ,  One lerrs  
has a f o c a l  l e n g t h  i ~ r  the x d l r e c l i o i r  of 150 r n i l l i r n e ~ e r s  and f o c a l  
Lcirgt b iir ~ i l c  y dr i i-i cicirr  &C"i iiii l i j t r t e ,  ers ?'he s e c o n d  i e n s  has  a  
f o c a l  l e n g t h  i r i  the x d i r e c t i u n  of  iilinus 500 r n i l l i m e t e r s  and a 
f o c a l  length i n  ~ h e  y d i r e c t i o n  of 50 m i l l i m e t e r s  a The w a v e l e n g t h  o f  
l i g h t  used  v a r i e s  from 2 2 0  co 700 nanomete r s .  

P o t e n t i a l  S o l u t i o n  

A NASA deve loped  computer  prograiri was found which i s  used  f o r  
d e s i g n i n g  complex o p t i c a l  s y s t e m s .  T h i s  progranl h a s  l iot  b e e n  u s e d  
f o r  e l l i p t i c a l  l e n s  b u t  NASA p e r s o r ~ n e l  b e l i e v e  t h a t  t h e  program c a n  
pe r fo rm t h e  d e s i r e d  d e s i g n ,  The F o r t r a n  Language program documenta- 
t i o n  was o b t a i n e d  f rom COSMIC and s h i p p e d  t o  t h e  r e s e a r c h e r  who  h a s  
e x p r e s s e d  s t r o n g  i n t e r e s t  i n  implement ing  t h i s  program on  h i s  
compute r ,  

S o u r c e  o f  P o t e n t i a l  S o l u t i o n  

T h i s  p o t e n t i a l  s o l u t i o n  r e s u l t e d  from d i r e c t  team c o n t a c t  w i t h  
M a r s h a l l  Space  F l i g h t  C e n t e r  and J e t  P r o p u l s i o n  L a b o r a t o r y .  The 
program w a s  c a l l e d  t o  t h e  t eam ' s  a t t e n t i o n  by M r .  J u a n  P i z a r r o  o f  
MSFC , 

P o t e n t i a l  B e n e f i t s  

The a v a i l a b i l i t y  o f  a n  e l l i p t i c a l  l e n s  w i l l  improve  t h e  a b i l i t y  o f  
t h e  NSH r e s e a r c h  s t a f f  t o  e x t r a c t  d e t a i l e d  h i s t o c h e m i c a l  d a t a  from 
human c e l l s ,  



T R A N S F E R  R E P O R T  

a t i o n a l  therapy.  

n  b e  e i t h e r  

) It i s  be l ieved  
t h e  onse t  of ur ina-  

s ensa t ion  of 
much t h e  same 

The p a t i e n t s  wear 
11 be p o s s i b l e  t o  

a  d i r e c t  attachment 
nd l igh tweight  

a r e  genera 

A s t u d y  o f  t h e  r e i j ~ i i i - ~ m ~ n t ~  i n d i c a t e d  "cira-i- a "Leienretry s y s f e m  migh t  
n o t  b e  the only solution, brtt that a simple alarm attached t o  t he  



p a t i e n t  m i g h t  lie s i i f f j  c-ient Gorlsideration of tilts p o s s i b f . L i t y ,  
hoijevei , cev~,r"!eii t i r i i t :  tile powel: r e q u i  rezr:orits for most s u i t a b l e  alarm 
.;);sterns were so great t h a t  the i:c-lsrrlting package weight w o u l d  be 
intolerable attached to the p a t i e n t ,  However, a simple telemetry 
systerr;  appe;lrcd to bc suj . tabi .e,  

The t e c h n i c a l  problem can be  d i v i d e d  i n t o  t h r e e  p a r t s ,  The f i r s t  
p a r t  i s  d e t e c t i o n  of m o i s t u r e ,  t h e  second p a r t  i s  t e l e m e t r y  of t h e  
s i g n a l ,  and t h e  t h i r d  p a r t  i s  t h e  r e c e i v e r  and a la rm c i r c u i t .  A s e a r c h  
o f  t h e  NASA document f i l e  r e v e a l e d  a  number of documents on measuring 
m o i s t u r e ,  b u t  t h e  s i m p l e s t  and most d i r e c t  approach seemed t o  b e  a 
m o i s t u r e  s e n s i t i v e  r e s i s t o r ,  Th i s  approach,  d i s c u s s e d  i n  document 
N65-31355, can b e  implemented us ing  a  commercial d e v i c e  made by 
Phys-Chemical Research Corpora t ion .  The s e n s o r  i s  a  t r e a t e d  s t y r e n e  
copolymer which changes r e s i s t a n c e  by a  f a c t o r  of 30 o v e r  t h e  r a n g e  
of 50% RH - 100% RH, Although t h e  s e n s o r  i s  des igned  f o r  a . c .  opera- 
t i o n ,  i t  can b e  used f o r  d , c ,  o p e r a t i o n  w i t h  on ly  a  mirlor e r r o r .  

The second p a r t  of t h e  problem i s  t h e  t e l e m e t r y  u n i t ,  and t h i s  can 
b e  e a s i l y  s o l v e d  us ing  one of t h e  Arnes Research Cente r  t e l e m e t r y  u n i t s  
developed by Tom F r y e r .  S e v e r a l  of t h e  Ames t e l e m e t r y  u n i t s  a r e  
des igned  t o  o p e r a t e  from a  r e s i s t a n c e  change ( e . g .  t h e r m i s t e r ) .  The 
Ames t r a n s m i t t e r s  a r e  m i n i a t u r e  FM u n i t s ,  and a r e  w e l l  documented i n  
d e s i g n  i n f  ormat ion.  

Another a l t e r n a t i v e  f o r  t h e  t e l e m e t r y  u n i t  is a  commercial t r a n s -  
m i t t e r  made by B e l a i r  E l e c t r o n i c  L a b o r a t o r i e s ,  Th i s  s m a l l  u n i t  i s  a  
b i o - p o t e n t i a l  u n i t ,  and i t  would b e  n e c e s s a r y  t o  c o n v e r t  t h e  r e s i s t a n c e  
change t o  a p o t e r t i a l  change. U n f o r t u n a t e l y ,  n o t  much i n f o r m a t i o n  i s  
a v a i l a b l e  abou t  t h e  BeLair  T r a n s m i t t e r s  s o  t h a t  i t  i s  imposs ib le  t o  
de te rmine  whether  t h e  u n i t  i s  r e l i a b l e .  

Both of t h e  above t r a n s m i t t e r s  a r e  3% u n i t s ,  and a  commercial Dl r e -  
c e i v e r  seems t o  b e  t h e  b e s t  s o l u t i o n  t o  t h e  d e t e c t i o n  problem, The 
i n f o r m a t i o n  t r a n s m i t t e d  t o  t h e  r e c e i v e r  is  s imply an on-off s i g n a l  s o  
t h a t  t h e  r e c e i v e r  w i l l  s imply d e t e c t  t h e  appearance of a  c a r r i e r  i n  
a  p a r t i c u l a r  f requency r a n g e ,  The appearance of t h e  c a r r i e r  can  b e  
used t o  t r i g g e r  a n  a la rm c i r c u i t .  S i n c e  t h e  t r a n s m i s s i o n  range  i s  l e s s  
t h a n  50 f e e t ,  t h e  power requ i rements  f o r  t h e  t r a n s m i t t e r  and t h e  
s e n s i t i v i t y  requ i rements  f o r  t h e  r e c e i v e r  a r e  e a s i l y  met .  

The a l a r m  shou ld  be e i t h e r  a  sound o r  f l a s h i n g  l i g h t  i n d i c a t o r  which 
w i l l  s i t  a t  t h e  n u r s e s '  s t a t i o n .  The system must b e  v e r y  s imple  Lo 
o p e r d t e  s o  t h a r  n o n t e c h n i c a l  p e r s o n n e l  can  o p e r a t e  i t  e a s i l y .  

Th i s  p o t e n t i a l  t r a n s f e r  i s  be ing  cons idered  as a p o s s i b l e  a p p l i c a t i o n s  
engixzeerirrg p ro  j ec l , 
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D e s c r i p t i o n  of Problem 

R e s p i r a t o r y  d i s e a s e s  a r e  t h e  major cause  o f  i l l n e s s  i n  c h i l d r e n  from 
i n f a n c y  through ado lescence ,  and some of t h e  more s e r i o u s  t y p e s  of 
r e s p i r a t o r y  d i s e a s e  i n c l u d e  asthma, c y c t i c  f i b r o s i s ,  and b r o n c h i t i s .  
Much r e s e a r c h  i s  p r e s e n t l y  be ing  conducted b o t h  on t h e  c a u s e s  and 
c u r e s  o f  r e s p i r a t o r y  d i s e a s e s  a s  w e l l  a s  b e t t e r  methods of d i a g n o s i s  
of t h e  d i s e a s e s .  Th i s  problem s t a t e m e n t  i s  devoted t o  a  method of 
improved d i a g n o s i s  which w i l l ,  i n  t u r n ,  improve t h e  t r e a t m e n t  o f  
r e s p i r a t o r y  d i s e a s e s .  

One v a l u a b l e  i n d e x  f o r  l u n g  d i s e a s e  i s  t h e  q u i e t  a c t i v i t y  r e s p i r a t o r y  
r a t e  which must b e  monitored f o r  c h i l d r e n  i n  a  normal q u i e t  p l a y  
p e r i o d .  I f  t h i s  r a t e  i s  s t u d i e d  f o r  t h e  same p a t i e n t  o v e r  a  p e r i o d  
of months, much i n f o r m a t i o n  can b e  ga ined  abou t  t h e  c o n d i t i o n  and 
changes i n  c o n d i t i o n  of t h e  p a t i e n t ' s  l u n g .  Ra te  i s  i m p o r t a n t  because  
i t  i s  r e l a t e d  t o  lung  compliance o r  s t i f f n e s s .  For  example, i f  
d i s e a s e  s t i f f e n s  t h e  l u n g s ,  t h e  body w i l l  a d j u s t  t o  t h e  d i s e a s e  by 
b r e a t h i n g  more s h a l l o w l y  and more r a p i d l y .  I n  t h e  c a s e  of as thma,  
which r e s t r i c t s  t h e  a i r  f low,  t h e  p a t i e n t  w i l l  b r e a t h e  more deep ly  
and s lowly .  Thus, r e s p i r a t o r y  r a t e  i s  a n  impor tan t  pa ramete r  i n  
d i a g n o s i s  o f  l u n g  d i s e a s e .  

The p a t i e n t s  w i l l  r ange  i n  a g e  from i n f a n c y  t o  a d o l e s c e n c e ,  and t h e  
moni to r ing  w i l l  occur  i n  a  h o s p i t a l  c l i n i c .  The r a t e  measurement 
method shou ld  n o t  encumber t h e  c h i l d ,  and must a l l o w  q u i e t  p l a y  t o  
occur .  It is  a n t i c i p a t e d  t h a t  t h e  d a t a  w i l l  b e  t r a n s m i t t e d  t o  s i g n a l  
p r o c e s s i n g  equipment by a  s m a l l  u n i t  on t h e  c h i l d ,  b u t  t h e  t e l e m e t r y  
a s p e c t  o f  t h e  problem w i l l  b e  cons idered  i n  a  subsequent  problem 
s t a t e m e n t .  

The range of rates will b e  from 1 2  t o  80 b r e a t h s  p e r  minu te  and a 
p r e c i s i o n  and accuracy of 0 , 1  b r e a t h s  p e r  m i n u t e  i s  required, 



Ibe impedance p l ~ e u ~ ~ l u g s a p h y  mt;rl~od used t o r  iiieasurirlg r e s p i r a t o r y  
v o l u n i e  on t h e  G c ~ i ~ i ~ i i  d b r 1 ~ 1 1 c l u ~ b  i~cia d 130cen~1di  for s o l v i n g  this 

problein.  The s i g n a l  coridi tr loning u n i t  h a s  b e e n  o b t a i n e d  f rorn Manned 
Space  C e n t e r  and i s  now unde rgo ing  tests a t  T u l a n e ,  These  tests 
w i l l  d e t e r m i n e  i f  impedance pneumography i s  a s u i t a b l e  approach  t o  
t h e  problem,  

S o u r c e  o f  S o l u t i o n  

A computer  s e a r c h ,  a2019,  " R e s p i r a t o r y  R a t e  Measurement" pe r fo rmed  by 
t h e  S c i e n c e  and Technology R e s e a r c h  C e n t e r  r e v e a l e d  t h a t  impedance 
pneumography was a p r o m i s i n g  s o l u t i o n ,  Team members r e c a l l e d  t h a t  a n  
o f f e r  f o r  l o a n  o f  impedance pneurnography equipment  had b e e n  made t o  
a n o t h e r  team on problem GLM-15. An i n q u i r y  t o  Manned Space  C e n t e r  
r e v e a l e d  t h a t  t h e  equipment  was s t i l l  a v a i l a b l e ,  M r .  Maxwell L i p p i t t  
o f  MSC p r o v i d e d  t h e  equipment  and f a b r i c a t e d  t h e  a c c e s s o r i e s  i n c l u d i n g  
e l e c t r o d e s ,  c a b l e s ,  and e l e c t r o d e  p a s t e ,  

P o t e n t i a l  B e n e f i t s  

If impedance pneumography p r o v e s  t o  b e  a n  a c c e p t a b l e  a p p r o a c h  and i f  
a s u b s e q u e n t  problem o f  t e l e m e t r y  c a n  b e  s o l v e d ,  a n  i m p o r t a n t  t o o l  
i n  m e d i c a l  d i a g n o s i s  w i l l  b e  added.  Improved d i a g n o s i s  a l s o  i m p l i e s  
a n  improvement i n  t r e a t m e n t  f o r  r e s p i r a t o r y  d i s e a s e s .  
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D e s c r i p t i o n  o f  Problem -- 

I n  t h e  Department of Physiology a t  Bowman Gray School of Medicine ,  
l a r g e  q u a n t i t i e s  of d a t a  have  been and a r e  being accumulated on blood 
f low,  b lood  p r e s s u r e ,  h e a r t  r a t e ,  and o t h e r  measurable  and d e r i v a b l e  
q u a n t i t i e s  t h a t  a r e  r e l a t e d  i n  t ime  t o  t h e  h e a r t  r a t e ,  These d a t a  
a r e  recorded on magnet ic  t a p e  and s t r i p  c h a r t s ,  The h e a r t  r a t e  i s ,  of 
c o u r s e ,  p e r i o d i c ,  nominally o c c u r r i n g  approximately  once p e r  second. 
Superimposed on t h e s e  d a t a ,  and appear ing  a s  n o i s e ,  i s  a  much more 
s lowly  o c c u r r i n g  waveform. The u n d e s i r a b l e  long p e r i o d  d a t a  appear  
t o  b e  r e l a t e d  i n  some f a s h i o n  t o  t h e  r e s p i r a t i o n  c y c l e ,  The ampli- 
t u d e  of t h i s  s lower  r a t e  waveform i s  l a r g e  w i t h  r e s p e c t  t o  t h e  h e a r t  
r a t e  r e l a t e d  d a t a .  It causes  s e r i o u s  b a s e l i n e  d i s t o r t i o n  and makes 
i n t e r p r e t a t i o n  o f  t h e  d a t a  d i f f i c u l t .  The r e s e a r c h e r  wishes  t o  
s e p a r a t e  t h e  low r a t e  waveform from t h e  h e a r t  r a t e  d a t a  and t o  o b t a i n  
a  f i l t e r  which w i l l  accomplish t h i s  f u n c t i o n .  The r e s e a r c h e r  has  
r e q u e s t e d  t h a t  t h e  Biomedical  A p p l i c a t i o n  Team a i d  him i n  i d e n t i f y i n g  
a  low c o s t  f i l t e r  d e s i g n  t h a t  can b e  used i n  t h i s  a p p l i c a t i o n ,  

P o t e n t i a l - S o l u t i o n  

A computer s e a r c h  of t h e  a e r o s p a c e  l i t e r a t u r e  y i e l d e d  no r e l e v a n t  
i n f o r m a t i o n ,  Manual s e a r c h i n g  on a  l i m i t e d  b a s i s  a l s o  y i e l d e d  l i t t l e  
r e l e v a n t  i n f o r m a t i o n ,  I n  a d d i t i o n  t o  s e a r c h i n g  f o r  s p e c i f i c  s o l u t i o n s  
t o  s p e c i f i c  problems, members of t h e  BATeam s c a n  t h e  v a r i o u s  a b s t r a c t i n g  
s e r v i c e s  which a r e  a v a i l a b l e  and o r d e r  documents t h a t  appear  t o  have 
g e n e r a l  I n t e r e s t  t o  t h e  program, Recen t ly  such a document o f  g e n e r a l  
i n t e r e s t  laas o r d e r e d .  I t  was a  NASA c o n t r a c t o r  r e p o r t  CR-85022 which 
d e s c r i b e d  some techniques devel  oped  f o r  NASA Ames Research Cente r  i n  
the f i e l d  of  v i b r o c a r d i o g ~ - a p h i c  i n s t r u m e n t a t i o n ,  O L I ~  o f  Llie append ices  
to t h i s  docuznent d e s c r i b e d  a irroLlerrr concerned w i t h  s e p a r a t i n g  s i g z l a l s  
gea~enatcd d: t he  r d r d i a i  : &:c F r o a n  a i g i l d i i  O C C U - T ~ ~ ~ ~ ~  d c  L 1 - i ~  respiratory 



r > i  e i i ~ e  ilr,,i ,  i ~ , c  1 ved 8 1 ~ 1  r-ik lixi ;,ass i r i l r e f i n g  recl:niques, 
These technkqucs  \Jcre  judged d ~ r c c t l q  d p p i i c a b l c  IG t h i s  biomedical 
~ P G L I  Leal since i4As.A lid:, u sed  therii LO aepdlciite s ign i i l s  occurrerrg in 
ehe sarite f l c q u e n c y  range;" From "rie CK a supp l i ~ r  ~ i t ~ c r  c a n  tu rn i s f i ;  
t h e  f i l t e r s  was i d e n t l f l e d ,  and s p e c i f i c a t i o n s  and p r i c e s  were 
o b t a i n e d ,  These  f i l t e r s  a p p e a r  t o  h e  a v a l i d  s o l u t i o n  t o  t h i s  
problem. 
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of Problem ---- 

I n  t h e  a r t s r i a l  sys tem,  t h e  a r t e r i a l  p r e s s u r e  is  a  f u n c t i o n  o t  
d i s t a n c e  and t ime;  hence,  i t  has  wave p r o p e r t i e s ,  The wave speed of 
t h e  p r e s s u r e  p u l s e  i s  r e l z t e d  t o  t h e  e l a s t i c  iuodulus oE t h e  ar ter ia l  
w a l l .  I n  a d d i t i o n ,  wave r e f l e c t i o n s  t h a t  occur  i n  t h e  a r t e r i a l  sys-  
tem p e r t u r b  t h e  p r e s s u r e  f u n c t i o n ,  I t  is  known t h a t  t h e  e l a s t i c  
p r o p e r t i e s  of t h e  a r t e r i a l  w a l l  change i n  humans w i t h  age  and 
a r t e r i a l  d i s e a s e ,  The b i o l o g i c a l  problem i s  t o  d e t e c t  n o n d e s t r u c t i v e l y  
changes i n  t h e  m a t e r i a l  p r o p e r t i e s  o f  che a r t e r i a l  v e s s e l  e a r l y  i n  t h e  
p r o c e s s  o f  a r t e r i a l  d i s e a s e .  Changes of t h e  p r o p e r t i e s  of t h e  a r t e r i a l  
w a l l  a r e  thought  t o  b e  r e l a t e d  t o  wave speed o r  t r a n s i t  t i m e  o f  t h e  
a r t e r i a l  p u l s e ,  

To v a l i d a t e  t h e  accuracy of t h i s  h y p o t h e s i s  i t  i s  n e c e s s a r y  t o  
e s t a b l i s h  t h e  r e l a t i o n s h i p ,  i f  any,  between a r t e r i a l  d i s e a s e  and 
wave speed o r  t r a n s i t  t ime of t h e  a r t e r i a l  p u l s e .  An a c c u r a t e  means 
o f  de te rmin ing  wave speed o r  t r a n s i t  t i m e  w i l l  a i d  i n  t h e  determina-  
t i o n  of t h i s  r e l a t i o n s h i p ,  Consequent ly ,  i t  i s  d e s i r e d  t o  o b t a i n  
r e l i a b l e ,  a c c u r a t e  means of de te rmin ing  t h e  wave speed  o r  t r a n s i t  
t ime of a r t e r i a l  p u l s e s .  S p e c i f i c a l l y ,  a r e  t h e r e  improved a n a l y s i s  
o r  measarement t echn iques  which can b e  employed t o  y i e l d  t h e  t r a n s i t  
t ime of t h e  a r t e r i a l  p u l s e ,  w i t h  o r  w i t h o u t  superposed wave t r a i n s  
( r e f  l e c t j  ons )  ? I n  a d d i t  i o n ,  can t h e s e  techi i iques  b e  employed t o  
pe rmi t  a  d e s c r i p t i o n  of a r t e r i a l  sys tem n o n l i n e a r i t i e s  and t h e  ex- 
t e n t  of t h e  n o n l i n e a r i t i e s ,  and  an t h e  m a t e r i a l  p r o p e r t i e s  o f  t h e  
a r t e r i a l  v e s s e l  such a s  c h a r a c t e r i s e i c  impedance, t e r m i n a l  impedance, 
e t c , ,  b e  determined? A t  t h e  p r e s e n t ,  ~ h e  t r a n s i t  t i m e  i s  meashred by 
employil-rg two lnercury strain gages ,  one p'l aced  rzeacer the  heart than 
the other, The arterial pressure p u l s e  i s  recorded a t  these two 
locations. By selecting similar p o i n t s  on the two y u l s z s ,  a n  esti- 
mate a£ tht- transit f i i r i e  Carl be c , b t a i t ~ e d ,  



If t i l e  relat.ionshSi;; s betv,~ecir a r t e r i a l  w a l l  prope3:tries and t r a n s i t  
t i m e  o r  wave s p e e d  nleasrlrernelrts of t h e  a r t e r i a l  p u l s e  c o u l d  b e  
e s t a - h l i s h e d  u s i n g  improved instrumentation or i np roved  a n a l y s i s  
t e c h n i q u e s ,  i t  would b e  a n  i m p o r t a n t  c o n t r i b u t i o n  t o  d i a g n o s i s  of  
a r t e r i a l  d i s e a s e ,  

The p r imary  r e q u i r e m e n t  o f  t h i s  problem i s  t o  d e t e r m i n e  a r t e r i a l  
p r e s s u r e  p u l s e  t r a n s i t  t i m e .  D e t e r m i n a t i o n  o f  t h i s  p a r a m e t e r  t o  a  
p r e c i s i o n  o f  +5% is  r e q u i r e d .  The s e c o n d a r y  r e q u i r e m e n t s  are t o  b e  
a b l e  t o  o b t a i n  i n f o r m a t i o n  a b o u t  t h e  material p r o p e r t i e s  of  t h e  
a r t e r i a l  v e s s e l  s u c h  a s  c h a r a c t e r i s t i c  impedance ,  t e r m i n a l  
impedance ,  e t c  . 
P o t e n t i a l  S o l u t i o n  

M r .  C .  J ,  Laenge r  o f  t h e  Sou thwes t  R e s e a r c h  I n s t i t u t e  s u g g e s t e d  
t h a t  a n  u l t r a s o n i c  Dopp le r  u n i t  d e s i g n e d  and f a b r i c a t e d  by SwRI f o r  
NASA and t h e  A i r  F o r c e  migh t  h a v e  p o t e n t i a l  a p p l i c a t i o n  i n  t h e  s o l u -  
t i o n  o f  t h i s  p rob lem,  I n f o r m a t i o n  on  t h e  u n i t ,  which i s  named 
'sMarlc I V  U l t r a s o n i c  Dopp le r  I n s t r u m e n t  f o r  I n d i r e c t  Blood P r e s s u r e  
Measurement", was r e c e i v e d  and d i s c u s s e d  w i t h  t h e  r e s e a r c h e r ,  It 
was d e c i d e d  t h a t  t h e  u n i t  migh t  i n d e e d  b e  u s e f u l  i n  t h e  s o l u t i o n  o f  
t h i s  problem p r o v i d e d  t h a t  a dual--channel  u n i t  c o u l d  b e  o b t a i n e d .  
U n f o r t u n a t e l y ,  a  dua l - channe l  u n i t  was n o t  a v a i l a b l e ,  However, 
t h r o u g h  t h e  e f f o r t s  o f  M r .  Laenge r  a s i n g l e - c h a n n e l  u n i t  was 
o b t a i n e d  on  a  l o a n  b a s i s  f rom SwRE i n  o r d e r  t o  d e t e r m i n e  f e a s i b i l i t y  
o f  t h e  u n i t  i n  t h i s  a p p l i c a t i o n .  D r ,  Ma l indzak  h a s  pe r fo rmed  a  
series o f  tests w i t h  a p p r o p r i a t e  s u b j e c t s  t o  p e r m i t  a n  e v a l u a t i o n  o f  
t h e  f e a s i b i l i t y  o f  t h e  u n i t  t o  make t h e  r e q u i r e d  measurements .  The 
s i n g l e - c h a n n e l  u n i t  h a s  been  r e t u r n e d  t o  SwRI as r e q u e s t e d  s i n c e  i t  
c o u l d  b e  borrowed f o r  o n l y  a  s h o r t  t i m e .  

A n a l y s i s  o f  t h e  r e c o r d e d  d a t a  i s  p r o c e e d i n g .  I f  t h e  d a t a  a n a l y s i s  
p r o v e s  t h e  f e a s i b i l i t y  o f  t h i s  a p p r o a c h ,  a d u a l - c h a n n e l  u n i t  w i l l  b e  
s o u g h t ,  M r .  Laenge r  h a s  i n d i c a t e d  t h a t  NASA Houston  h a s  s e v e r a l  
s i n g l e - c h a n n e l  u n i t s  and t h a t ,  i f  p r o p e r  s u p p o r t  c o u l d  b e  o b t a i n e d ,  
SwRI c o u l d  modify o n e  o f  t h e  u n i t s  t o  a d u a l - c h a n n e l  mode w i t h o u t  
t e c h n i c a l  d i f f i c u l t y .  



P O T E N T I A L  T R A N S F E R  R E P O R T  

"Animal R e s t r a i n t s  f o r  Pr imates"  

D r .  G ,  S .  Malindzak,  Jr .  
Bowman Gray School of Medicine,  Wake F o r e s t  U n i v e r s i t y  

Team Member - E r n e s t  H a r r i s o n ,  J r ,  

Problem Acquired - A p r i l  1970 
P o t e n t i a l  T r a n s f e r  I d e n t i f i e d  - June  1970 
Elapsed Time - 3-4 months 

D e s c r i p t i o n  of Problem 

A r t e r i o s c l e r o s i s  i s  one of t h e  s i g n i f i c a n t  c o n t r i b u t o r s  t o  coronary  
d i s e a s e ,  The bu i ldup  of ex t raneous  m a t e r i a l  w i t h i n  t h e  a r t e r i a l  
sys tem c a u s e s  a  r e d u c t i o n  i n  t h e  s i z e  (d iamete r )  of t h e  a r t e r i e s  which 
c a r r y  l i f e - g i v i n g  oxygenated blood t o  t h e  body t i s s u e s .  T h i s  narrow- 
i n g  of t h e  a r t e r i e s  can occur  s y s t e m a t i c a l l y  o r  l o c a l l y .  I f  t h e  
a r t e r i e s  a r e  narrowed, t h e  blood f low t o  t h e  t i s s u e s  i s  reduced .  I f  
t h e  blood f low i s  reduced s u f f i c i e n t l y ,  t h e  t i s s u e  b e i n g  s u p p l i e d  by 
t h e  a r t e r y  d i e s .  I f  t h e  coronary a r t e r i a l  sys tem,  which s u p p l i e s  
b lood t o  t h e  h e a r t ,  i s  t h u s  a f f e c t e d ,  t h e  p a r t  o f  t h e  h e a r t  t i s s u e  
be ing  s u p p l i e d  by t h a t  a r t e r y  d i e s .  T h i s  i s  c a l l e d  an  i n f a r c t .  

Narrowing o f  t h e  a r t e r i e s  a l s o  i n c r e a s e s  t h e  impedance of t h e  
a r t e r i a l  sys tem.  I n  an  a t t e m p t  t o  m a i n t a i n  blood supp ly  t o  t h e  
t i s s u e ,  t h e  h e a r t  must work h a r d e r ,  t h u s  imposing a n  a d d i t i o n a l  work- 
l o a d  on t h e  h e a r t .  When c o n s t r i c t i o n  of t h e  a r t e r i e s  o c c u r s ,  t h e r e  
i s  an a u t o r e g u l a t o r y  feedback mechanism which causes  d i l a t i o n  of t h e  
a r t e r i e s  ( v a s o d i l a t i o n )  i n  a n  a t t e m p t  t o  compensate f o r  r e d u c t i o n  i n  
blood supp ly  t o  t h e  t i s s u e .  I n  a d d i t i o n ,  t h i s  v a s o d i l a t i o n  c a n  b e  
accomplished by t h e  a d m i n i s t r a t i o n  of c e r t a i n  d rugs  ( v a s o d i l a t o r s ) .  
These d rugs  a r e  f r e q u e n t l y  employed i n  t r e a t m e n t  of a r t e r i a l  d i s e a s e  
and a s s o c i a t e d  problems where t h e  o b j e c t i v e  i s  t o  improve t h e  blood 
supply t o  t h e  t i s s u e s .  However, much i s  n o t  unders tood  about  t h e  
mechanisms and e f f e c t s  of t h e s e  d r u g s .  Th is  r e s e a r c h  program i s  
designed t o  o b t a i n  t h i s  i n f o r m a t i o n  on v a r i o u s  v a s o d i l a t o r s  t o  pe rmi t  
t h e i r  more e f f e c t i v e  use .  

The i n v e s t i g a t o r  h a s  accomplished e x t e n s i v e  r e s e a r c h  t o  de te rmine  
t h e  e f f e c t s  of v a s o d i l a t o r s  on dogs us ing  open c h e s t  methods. The 
n e x t  phase  o f  t h e  r e s e a r c h  program r e q u i r e s  t h e  u s e  of rhesus  monkeys 
u s i n g  c l o s e d  c h e s t  methods, The monkeys w i l l  be  ins t rumented  t o  
measure blood f l o w ,  blood p r e s s u r e ,  t e m p e r a t u r e ,  and EGG,  The sen- 
s o r s  w i l l  b e  Implanted by open c h e s t  s u r g e r y ,  and t h e  animal  will t h e n  
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rnonsi~s d u t i n g  ~ i i e  eot r rse  of t h e  s t u d y ,  Dur ing  tl-iris p e r l o d  t h e  
monkcyr qll lst  r e s t r c , l n e d  f i o n  zz l f :  i ~ ~ e s  w!ilch cauld p = t r n c ; a l l y  
i m p a i r  o r  darnage t h e  i n s t r u m e n t a t i o n .  A s  a r e s u l t  o f  t h e  B i o s a t e l l i t e  
Progrcim and NASA r e s e a r c h  i n v o l v i n g  monkeys , t h e  r e s e a r c h e r  s u s p e c t s  
t h a t  an ima l  r e s t r a i n t  a p p a r a t u s  may have  been  b u i l t  by NASA which  
would b e  p o t e n t i a l l y  u s e f u l  i n  t h i s  progcam, 

S u i t a b l e  a n i m a l  r e s t r a i n t  a p p a r a t u s  which can  b e  employed on r h e s u s  
monkeys t o  p r e v e n t  impai rment  o r  damage t o  i n s t r u m e n t a t i o n  i s  re- 
q u i r e d ,  The a p p a r a t u s  must  p e r m i t  ma in tenance  o f  t h e  monkeys f o r  
p e r i o d s  of  t h r e e  t o  s i x  months ,  

P o t e n t i a l  S o l u t i o n  

The p o t e n t i a l  s o l u t i o n  t o  t h i s  problem was i d e n t i f i e d  by c a l l i n g  Ames 
Resea rch  C e n t e r  Technology U t i l i z a t i o n  p e r s o n n e l  and as l i ing  f o r  names 
o f  p e o p l e  i n v o l v e d  i n  t h e  B i o s a t e l l i t e  Program who had r e s p o n s i b i l i t y  
f o r  t h e  r e s t r a i n t  s y s t e m  u s e d  i n  t h a t  program. A s  a  r e s u l t ,  M r .  L o u i s  
L .  P o l a s k i  was c o n t a c t e d  a t  Ames. M r ,  P o l a s l i i  was v e r y  f a m i l i a r  w i t h  
t h e  r e s t r a i n t  a p p a r a t u s  on t h e  B i o s a t e l l i t e  Program and was a b l e  t o  
recommend s p e c i f i c  a p p r o a c h e s  t o  p r i m a t e  r e s t r a i n t  as a p p l i c a b l e  t o  
t h i s  problem,  I n  a d d i t i o n ,  M r .  P o l a s k i  p r o v i d e d  v a l u a b l e  a d v i c e  con- 
c e r n i n g  t h e  problem o f  m a i n t a i n i n g  i n d w e l l i n g  c a t h e t e r s  i n  p r i m a t e s  
f o r  p r o l o n g e d  t i m e s  as w e l l  a s  t h e  o v e r a l l  p rob lem of r e s t r a i n t .  
M r .  C h a r l e s  A .  Wi l son ,  B i o s a t e l l i t e  P r o j e c t  Manager,  h a s  p r o v i d e d  a  
copy o f  Ames R e s e a r c h  C e n t e r  Working P a p e r  No. 250, "P r ima te  R e s t r a i n t  
Sys tem,"  by L o u i s  J, P o l a s k i  and W i l l i a m  N ,  Hood, which  d e s c r i b e s  t h e  
r e s t r a i n t  a p p a r a t u s  d e v e l o p e d  f o r  t h e  B i o s a t e l l i t e  Program, Al though 
t h i s  a p p a r a t u s  w a s  deve loped  f o r  l ong- t e rm r e s t r a i n t  i n  a  s p a c e c r a f t ,  
i t  a p p e a r s  t h a t  t h e  methods c a n  b e  used  i n  t h i s  a p p l i c a t i o n ,  w i t h  
some minor  m o d i f i c a t i o n s .  D e t a i l e d  e v a l u a t i o n  o f  t h e  Ames r e s t r a i n t  
a p p a r a t u s  i s  now b e i n g  conduc ted  by t h e  r e s e a r c h e r ,  When t h i s  i s  
c o m p l e t e ,  means of  f a b r i c a t i n g  t h e  a p p a r a t u s  w i l l  b e  e x p l o r e d .  I n  
r e f e r e n c e  t o  t h e  f a b r i c a t i o n  o f  a n  a p p a r a t u s ,  M r ,  P o l a s k i  h a s  i n d i -  
c a t e d  t h a t  Ames m i g h t  b e  a b l e  t o  p r o v i d e  some a s s i s t a n c e  i n  i n~p lemen ta -  
t i o n  o f  t h i s  t r a n s f e r .  



A . 2  Impact Repor t s  

Impact r e p o r t s  are p r e s e n t e d  f o r  t h e  f o l l o w i n g  impacts  which were  
claimed d u r i n g  t h i s  r e p o r t i n g  p e r i o d .  

MCV-1 

MCV- 2 



"Appl ica t ions  of Image P r o c e s s i n g  Techniques t o  Radiography" 

Team Member - E r n e s t  H a r r i s o n ,  JY. 

Problem Acquired - January  1970 
Impact Made - J u l y  1970 
Elapsed Time - 7 months 

D e s c r i ~ t i o n  o f  Problem 

This  problem i n v o l v e s  t h e  a p p l i c a t i o n  o f  image p r o c e s s i n g  t echn iques  
t o  r a d i o g r a p h i c  images.  The problem was o r i g i n a l l y  c l a s s i f i e d  i n a c t i v e  
because  t h e  r e s e a r c h e r  was n o t  a c t i v e l y  engaged i n  a  formal  r e s e a r c h  
program i n  t h i s  a r e a .  B a s i c a l l y ,  t h e  r e s e a r c h e r  i s  i n t e r e s t e d  i n  t h e  
r e c o r d i n g ,  s t o r a g e ,  and r e t r i e v a l  of d i a g n o s t i c  X-ray images u s i n g  a  
combinat ion of image p r o c e s s i n g  t o  reduce and enhance t h e  d a t a  c o n t e n t  
of X-ray images and h i g h  speed computers f o r  s t o r a g e  and r e t r i e v a l .  
Although t h e  problem was r e j e c t e d ,  t h e  team con t inued  t o  p r o v i d e  i n f o r -  
mat ion and c o n s u l t a t i o n  on a  demand b a s i s ,  A copy of computer s e a r c h  
"Image Process ing"  No, 817 and a number of t h e  documents c i t e d  t h e r e i n  
have been s u p p l i e d  t o  t h e  r e s e a r c h e r ,  

Use F a c t o r  

The i n f o r m a t i o n  i n  t h e  s e a r c h  b i b l i o g r a p h y  and documents was v e r y  
r e l e v a n t  t o  t h e  r e s e a r c h e r ' s  i n t e r e s t s  i n  t h i s  a r e a .  Th i s  m a t e r i a l  
h a s  been used by t h e  r e s e a r c h e r  a s  background and s u p p o r t i n g  informa- 
t i o n  i n  t h e  p r e p a r a t i o n  of a  g r a n t  a p p l i c a t i o n  t o  t h e  N a t i o n a l  
I n s t i t u t e s  o f  Hea l th  f o r  a  r e s e a r c h  p r o j e c t  on a  sys tems approach 
t o  t h e  hand l ing  of r o e n t g e n  ray  d i a g n o s t i c  images i n  medical  r a d i o l o g y .  



"High- In tens i ty ,  S o f t  X-Ray Sources" 

Team Member - E r n e s t  H a r r i s o n ,  Jr .  

Problem Acquired - January  1970 
Impact Made - June  1970 
Elapsed Time - 6 months 

D e s c r i p t i o n  of Problem 

Roentgen o r  X-rays a r e  wide ly  used i n  medic ine  f o r  a v a r i e t y  of 
purposes  rang ing  from t i s s u e  d e s t r u c t i o n  f o r  t h e r a p e u t i c  purposes  t o  
v i s u a l i z a t i o n  o f  s t r u c t u r e s  w i t h i n  t h e  human body f o r  d i a g n o s t i c  pur- 
p o s e s .  A v a r i e t y  of s o u r c e s  from r a d i o a c t i v e  m a t e r i a l s  t o  e l e c t r o n i c  
X-ray g e n e r a t o r s  a r e  employed. The X-rad ia t ion  d e r i v e d  from t h e s e  
s o u r c e s  covers  a  b road  band of wavelengths .  I n  e l e c t r o n i c  X-ray 
g e n e r a t o r s ,  t h e  wavelength  is  a  f u n c t i o n  of t h e  v o l t a g e  a p p l i e d  t o  
t h e  X-ray tube .  T y p i c a l  v a l u e s  of wavelength  and f q u i v a l e n t  t u b e  
v o l t a g e  f o r  v a r i o u s  a p p l i c a t i o n s  a r e  l i s t e d  below. 

A p p l i c a t i o n  KV Wavelength A 

S u p e r f i c i a l  the rapy  5-10 
General  roentgenography 30-100 
I n t e r m e d i a t e  the rapy  140 
Deep the rapy  200-400 
Supervo l tage  the rapy  1000 

Genera l ly  s p e a k i n g ,  t h e  h i g h e r  t h e  v o l t a g e  ( s h o r t e r  wave leng th) ,  t h e  
more p e n e t r a t i n g  t h e  r a d i a t i o n .  The more p e n e t r a t i n g  t h e  r a d i a t i o n ,  
t h e  more d i f f i c u l t  i t  i s  t o  d e t e c t  s u b t l e  d i f f e r e n c e s  i n  t i s s u e  o r  
s t r u c t u r e  d e n s i t y .  For example, w i t h  t h e  h i g h  v o l t a g e  X-ray s o u r c e s ,  
a l l  t i s s u e  is  e s s e n t i a l l y  t r a n s p a r e n t  t o  t h e  r a d i a t i o n  and on ly  dense  
bony s t r u c t u r e s  can b e  d i f f e r e n t i a t e d .  On t h e  o t h e r  hand,  a s  t h e  
v o l t a g e  i s  lowered,  s m a l l e r  d i f f e r e n c e s  i n  d e n s i t y  of t i s s u e s  can be  
d e t e c t e d .  

The r e s e a r c h e r  i s  i n t e r e s t e d  i n  t h e  u s e  o f  X-rays t o  d e t e c t  tumors i n  
s o f t  t i s s u e .  The s p e c i f i c  a p p l i c a t i o n  is  mammography, i , e .  t h e  t a k i n g  
o f  X-ray photograpl-is o f  t he  female  b r e a s t ,  f o r  t h e  purpose  of d e t e c t i n g  
tumors ,  D i f f e r e n t i a t i o n  of tumors from normal t i s s u e  i n  the female 

1 
Otto Glasser, Vol,  1, Chicago, The P e a r  Rook 
P u b l i s h e r s ,  I n c , ,  1 9 4 4 ,  p ,  1397, 
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b r e n s i  :..iil.l-! X--rays rcq.cil.res lot; voltage (long wavelengti-i) X-,r-ay 
sources, i n  the range of  20~-35 KV peak, There a z e  X-ray sources 
avail a b  i r  in r h ?  s vo  i t age range, Llut there i s  one s i g n i f i c a n c  
d i f f i c u l t y ,  

Ln o r d e r  t o  a c h i e v e  t h e  t i s s u e  d i s c r i m i n a t i o n  n e c e s s a r y  t o  d e t e c t  
t h e s e  tumors ,  ve ry  s u b t l e  d i f f e r e n c e s  i n  d e n s i t y  on t h e  exposed f i l m  
must b e  e v a l u a t e d .  A v a i l a b l e  X-ray s o u r c e s  i n  t h i s  v o l t a g e  r a n g e  
have a  low energy o u t p u t ,  s o  t h a t  r e l a t i v e l y  l o n g  exposures  a r e  r e -  
q u i r e d  t o  o b t a i n  a  u s e a b l e  image on f i l m .  Using t h e  f a s t e s t  com- 
m e r c i a l l y  a v a i l a b l e  h i g h - r e s o l u t i o n  f i l m ,  exposures  i n  e x c e s s  of  s i x  
seconds  a r e  r e q u i r e d ,  ( I t  s h o u l d  b e  no ted  t h a t  f a s t e r  X-ray f i l m s  
a r e  a v a i l a b l e ,  b u t  t h e i r  r e s o l u t i o n  i s  i n s u f f i c i e n t  f o r  t h e s e  pur-  
p o s e s ) ,  O f  c o u r s e ,  i n  such  a  l o n g  exposure  i t  i s  i n ~ p o s s i b l e  t o  
e l i m i n a t e  i n t e r n a l  (and e x t e r n a l )  motion of  t h e  p a t i e n t  a s  a  r e s u l t  
of r e s p i r a t i o n  and h e a r t  b e a t .  T h i s  movement r e s u l t s  i n  b l u r r e d  
images which r e n d e r  t i s s u e  d i s c r i m i n a t i o n  a l l  b u t  i m p o s s i b l e .  To 
overcome t h i s  d i f f i c u l t y ,  a  h i g h e r  energy ,  low v o l t a g e  X-ray s o u r c e  
i s  d e s i r e d .  

The s o u r c e  shou ld  be  i n  t h e  range  of 20-35 k i l o v o l t s  peak.  The ex- 
p o s u r e  t ime  d e s i r e d  t o  r educe  movement a r t i f a c t  on t h e  f i l n l  i s  one- 
t e n t h  second .  It i s  expec ted  t h a t  a  beam c u r r e n t  on t h e  o r d e r  of  
1 0  amperes w i l l  b e  r e q u i r e d .  

Use F a c t o r  

A computer s e a r c h  of t h e  a e r o s p a c e  l i t e r a t u r e ,  " H i g h - I n t e n s i t y ,  S o f t  
X-Ray Sources , "  No, 2043, was made and d e l i v e r e d  t o  t h e  r e s e a r c h e r ,  
A t o t a l  of  1 3  r e l e v a n t  documents were  d e l i v e r e d  t o  t h e  r e s e a r c h e r .  
Of p a r t i c u l a r  i n t e r e s t  were  a number of documents concern ing  t h e  
d e s i g n  and development of s t a t e - o f - t h e - a r t  f l a s h  X-ray t u b e s  and 
c i r c u i t r y .  Th i s  i n f o r m a t i o n  w a s  q u i t e  u s e f u l  t o  t h e  r e s e a r c h e r  i n  
f o r m u l a t i n g  a n  approach t o  t h e  problem and i n  t h e  p r e p a r a t i o n  o f  a  
g r a n t  a p p l i c a t i o n  t o  t h e  N a t i o n a l  I n s t i t u t e s  of H e a l t h  f o r  a  r e s e a r c h  
p r o j e c t  i n  t h i s  problem a r e a ,  
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B - 1  P r o b l e m s  Accepted L i v ~ i n g  P e r i o d  Marcl-i lh ,1970, Lo September 30, 1970 

Problem Number ------- Problem T i t l e  ---- 

Determina t ion  of t h e  Diseased S t a t e  of t h e  Hear t  
from E l e c t r o c a r d i o g r a p h i c  S u r f a c e  

U t i l i z a t i o n  of Hodgkin-Huxley Equat ion f o r  
Determining t h e  Propaga t ion  of Card iac  Ac t ion  
P o t e n t i a l s  

De te rmina t ion  of R e l a t i o n s h i p  between V i b r a t o r y  
P r o p e r t i e s  and S t r e n g t h  of Bones 

DU- 7  2* Shadow Coat ing i n  E l e c t r o n  Microscopy 

DU-74 T e s t i n g  of Neuropathic  P a t i e n t s  

DU-75 E p i c a r d i a l  E l e c t r o d e s  

Small  B a t t e r y  Operated S u c t i o n  Pump 

Motor f o r  Powering P r o s t h e t i c  U n i t  

Improved Emulsion f o r  Autoradiography 

Scanni.ng Tumors i n  Small  Animals w i t h  Gallium-67 

Depth of F i e l d  of Microscope O b j e c t i v e s  

A S p e c i a l  Purpose  A d j u s t a b l e  Wheelchair  Armrest 

In te r -Myocard ia l  P r e s s u r e  Measurement 

Blood Embolism D e t e c t i o n  

OF-2 Bone D e n s i t y  Measurement 

TU- 8 

TU-9 

Telemetry  System f o r  Impedance Pneumography 

Human Voice  A n a l y s i s  

Q u a n t i z a t i o n  of Hear t  T i s s u e  Hardness 

Elec t rodes  f o r  Evoked Response S t u d i e s  

* Problem Sta-en~ents circulated t o  NASA Field Ceraters, 

** Problem Statement  noc yet- p r e p a r e d ,  



B.1. Problems Accepted Ur:ring Peri.od March 15, l"378, to September 3 0 ,  iW76 
(Cont Q d, ) 

Problem Number 

TU-13 

TU-14 

TU-15 

TU-18 

UNCD-28** 

UNCD-29** 

WF-88 

PrcbLem T i t l e  --------- - 

Trace  Ana lys i s  i n  Body F l u i d s  

L e f t  V e n t r i c u l a r  Volume Measurement 

M a t e r i a l  f o r  P r o s t h e t i c  S t a p e s  

Improved Photoconductor  f o r  Xeroradiography 

M i n i a t u r e  pH Sensor  

Min ia tu re  Calcium Ion  Sensor 

Accura te  De te rmina t ion  o f  A r t e r i a l  P r e s s u r e  P u l s e  
T r a n s i t  Time 

Animal R e s t r a i n t s  f o r  Pr imates  

Blood P r e s s u r e  i n  Pr imates  

Blood Flow i n  Pr imates  

An Improved I n d i c a t o r  f o r  I n d i c a t o r - D i l u t i o n  S t u d i e s  

Probiewn S t a t e m e n t s  c i r c u i a t _ e d  "c NASA Field C e n t e r s ,  

' -ii P r o b i e n l  sLdten ten t  not yeL p i e p d r e d ,  



B. 2 Problems Closed Oclrirlg P e r i o d  i4aarch 15, 1970, to September  30 ,  1970 

Problem Number 

CP-4 

DU-63 

DU- 6 5 

DU- 6 6 

DU-67 

MCV- 2 

MISC-3 

N C I - 1  

TU-1 

UNC-55 

WF- 8 2 

Code* 

E 

Problem T i t l e  

Real  Time Data  A c q u i s i t i o n  During Batch 
P r o c e s s i n g  

U r e t h r a l  P r e s s u r e  Transducer  

Ur ine  D i s p o s a l  Sys tern 

Improved R e s o l u t i o n  f o r  X-ray FEuoroscopic 
Images 

Measurement of S i n g l e  Nerve CelX A c t i v i t y  

S t r a i n  Measurements i n  Ligaments 

T i s s u e  Oxygen Moni tor ing During C h i l d b i r t h  

S y n t h e t i c  Res ins  f o r  C e l l  S e p a r a t i o n  i n  
Immunological Research 

High I n t e n s i t y  S o f t  X-Ray Sources  

Mechanism f o r  Opera t ing  Piano P e d a l s  

Noise Reduct ion i n  Laminar Flow Rooms 

Shock Wave Measurement 

Non-Contacting Method f o r  Human I n f a n t  
P o s i t i o n  Dete rmina t ion  

P r e v e n t i o n  of Tip  Washout i n  Dye I n j e c t i o n  
Techniques 

* See T a b l e  7 on page  23 .  



B , 3  Problerns R e j e c t e d  ilucirig P e r i o d  March 15, 1 9 7 0 ,  t o  September 30, 1970 

PrcbI.ern 
Number 

DU- 7 3R 

MISC-SR 

MISC-7R 

OF- 3R 

- ---- Puobleut  T i  isle ----- 

Eye Movement U t i l i z a t i o n  f o r  Commurlication and 
Cont ro l  

Measurement o f  E l e c t r i c a l  P o t e n t i a l s  C o r r e l a t e d  
w i t h  Myotoaic Dystrophy 

Telemetry Uni t  t o  D e t e c t  Tongue P r e s s u r e  on 
Teeth  

P h y s i o l o g i c a l  Monitoring of I n f a n t  

Phase  Measurenlent o f  R e s p i r a t o r y  Complance Data 

E f f e c t s  of I o n i z i n g  R a d i a t i o n  on S t e r o i d  
P r o d u c t i o n  

Human C e l l  C u l t u r e  

Method of Unblocking EEG A m p l i f i e r s  

Teaching Methods 

Voice Ana lys i s  

Nervous A c t i v i t y  During Hemorragic Shock 

R e j e c t i o n  
Code* 

k - Apparent s o l u t i o n  coni~nercia l ly  a v a i l a b l e .  
B - Apparent s o l u c i o n  n o t  expected i n  p r e s e n t  o r  f o r e s e e a b l e  NASA 

t echnology ,  
C - Problem not  h io rned~ca l  Ly o r r e n t e d ,  
D - Problem n o t  arnenalle t o  problem-solving or ierr ted program g o a l s .  
E - Problem too b ~ o a d i y  s t a l e d ;  n o t  s u t f i c i e n t l y  d e f i n e d ,  
F - Probiern "ppr l o r r t y i '  t o o  Low (Cosir/benef i t  r a t i o ,  a v a i l a b l e  

r e s o u r c e s ,  e ~ ~ t l r u s i a s m )  . 
G - O t h e r ,  



B,4 S t a t u s  of Ac ~ i v e  Prcr t~  i e m s  CLS 05  Septenilber 30, 19 10 

Problem 
Ntlmber --- 

RTI/BH-I 
BH- 2 
BH- 3 
BH-4 
BH-5 
BH- 6 

DU-31 
DU-48 
DU-59 
DU-68 
DU-72 
DU- 74 
DU-75 
IRM- 2 
IRM- 5 

IRM- 2 3 
LRM-24 
IRM- 2 5 
LSU-1 
MISC-4 
MISC-6 
N C I - 2  
N C T - ?  
ti(:L-4 
tacr-s 
NC I- 7 
NCL-6 
NCI-9 

Problem 
S t a t u s  -- ----- Problem 'T ic ie  

R e s p i r a t o r y  Measurement During E x e r c i s e  
R e s p i r a t o r y  Gas A n a l y s i s  During E x e r c i s e  
Blood P r e s s u r e  During E x e r c i s e  
Blood Flow During E x e r c i s e  
ECG During E x e r c i s e  
E x e r c i s e  Capac i ty  and S t a n d a r d i z a t i o n  During 
Human S t r e s s  T e s t i n g  
Data  Compression Techniques:  Sof tware  
Mathematical  o r  Computer Methods f o r  t h e  
Determinat ion of M a t e r i a l  P r o p e r t i e s  of Card iac  
Muscle 
Automated Measurements f rom Coronary Angiograms 
Determinat ion of t h e  Diseased S t a t e  of t h e  
Hear t  from E l e c t r o c a r d i o g r a p h i c  S u r f a c e  
U t i l i z a t i o n  o f  Hodgkin-Huxley Equat ion f o r  
Determining t h e  Propaga t ion  of Card iac  Ac t ion  
P o t e n t i a l s  
De te rmina t ion  of R e l a t i o n s h i p  Between V i b r a t o r y  
P r o p e r t i e s  and S t r e n g t h  of Bones 
Catheter-Mounted P r e s s u r e  Transducer  
Ur ine  Flowmeter 
Temperature Measurement on a Small  B r a i n  Probe 
Grooves i n  Glass f o r  C e l l  Growing 
Shadow Coating i n  E l e c t r o n  Microscopy 
T e s t i n g  of Neuropathic  P a t i e n t s  
E p i c a r d i a l  E l e c t r o d e s  
A Body Power Energy S t o r a g e  System 
An Improved F l e x i b l e  Lead Wire f o r  I m p l a n t a b l e  
Devices 
Motion Force  A m p l i f i e r  
A Means of Track ing  Eye Movements While Viewing 
P r i n t e d  Matter, Geometric Forms, and P i c t u r e s  
A R e s p i r a t i o n  Alarm 
Waste Management Technique 
Smal l  B a t t e r y  Operated S u c t i o n  Pump 
Improved A r t i f i c i a l  R e s p i r a t o r s  
Freez ing  Uni t  f o r  Smallpox Vaccine 
Motor f o r  Powering P r o s t h e t i c  U n i t  
L a c t a t e l P y r u v a t e  Measurement i n  Blood 
J: i o o t l  l'r(,sc;ttrc. M t i c t c i ~ ~ r c x r ~ t c l t ~  1 

( : o n ~ r o l  l cti !!<ILC of 1 5  r ~ c z i r i ; :  n Liquid 
Separation o f  WhLse C e l l s  
Method of F a s t  Warming of a Frozen Liquid 
Elliptical Lens 
Irnpl-clv~ri Elil~llsiorr for AAutocadlogr apky. 



B S t a t u s  of Actrve Pro'fileiils ns o t  S e p i e r o h e r  60, 1910 (Con t ' t l , )  

Probiern 
Number 

RTI/NCI-10 
N C I - 1 1  
NCSU-9 
NCVR-1 
NHLI-1 
N I M H - 1  
OF-1 
OF-2 
TU- 2  
TU-3 
TU-5 
TU-6 
TU- 8 
TU-9 
TU-10 
TU-11 
TU-13 
TU-14 
TU-15 
TU-18 
UNC-50 

WF- 7 2 
WF--7 3 

Problem 
S t a t u s  --- 

Scanl i i i~g Tumors i n  Smal l  Animals w i t h  Gallium-67 
Depth of F i e l d  of  Microscope O b j e c t i v e s  
A n a l y s i s  Techniques f o r  P h y s i o l o g i c a l  Data 
A S p e c i a l  Purpose  A d j u s t a b l e  Wheel C h a i r  Armrest 
In te r -Myocard ia l  P r e s s u r e  Measurement 
U r i n a t i o n  D e t e c t i o n  
Blood Embolism D e t e c t i o n  
Bone Dens i ty  Measurement 
R e s p i r a t o r y  Ra te  Measurement 
Lung Sound D e t e c t i o n  
MeasuremenL of Change i n  H e a r t  Wall  Dimensions 
Measurenierlt of pCO 2 ,  p02,  and pH i n  Blood 
Telemetry  System f o r  Impedance Pneumography 
Human Voice A n a l y s i s  
Q u a n t i z a t i o n  of  Hear t  T i s s u e  Hardness 
E l e c t r o d e s  f o r  Evoked Response S t u d i e s  
Trace  A n a l y s i s  i n  Body F l u i d s  
L e f t  V e n t r i c u l a r  Volume Measurement 
M a t e r i a l  f o r  P r o s t h e t i c  S t a p e s  
Improved Photoconductor  f o r  Xeroradiography 
Genera l  Purpose ,  I n d i c a t i n g ,  P r e s s u r e  S e n s i t i v e  
Muscle T r a i n e r  
M i n i a t u r e  pH S e ~ i s o r  
M i n i a t u r e  Calcium Ion Sensor  
An E l e c t r o d e  f o r  Measuring Hydrogen I o n  Concentra-  
t i o n  and CO P a r t i a l  P r e s s u r e  i n  t h e  Blood 
Means of  Ob$aining t h e  V e l o c i t y  Spectrum of Blood 
Flowing i n  A r t e r i e s  and Veins 
An Improved F l u i d  P r e s s u r e  C a l i b r a t i o n  System 
An Improved Method of Determining Volume E l a s t i c i t y  
of Blood V e s s e l s  
An Extremely Thin  P r e s s u r e  Transducer  t o  Measure 
t h e  P r e s s u r e  Exer ted  on T i s s u e  by Support-Type 
Hos ie ry  
Improved Method o f  Making Volume P le thsymograph ic  
Measurements R e l a t e d  t o  Volume Changes i n  T i s s u e  
Caused by I n f l u x  and E f f l u x  of  Blood During t h e  
C a r d i a c  Cycle  
A F i l t e r  t o  S e p a r a t e  P h y s i o l o g i c  Da ta  Occur r ing  
a t  Nominal H e a r t  Ra tes  from Lower Frequency Data  
Aurro~natic C o n t r o l  Sysrem f o r  a T i l t  Bed 
Derermina t ion  of t h e  S i t e  of B l e e d - i n g  in ?he 
Tr-rtes t i n e  
Assay of Arnlno A c i d s  i n  t h e  B L ~ ~ T I  
Pi ! l eads  of i l e i i sur ing  E.iraporar i"ve Heat Lusa From 
tlhe 5ac~n 



Prc?bLem 
Number 

P r o h  l e m  
Status Problem Title 

Computer Processing of Chromosome Data 
A Miniature Infusion Pump 
A Means of Detecting Turbulence in Blood Flowing 
in a Tube 
Identification of Infrared Spectra Using Computer 
Techniques 
Use of Computer in Planning Radiation Therapy 
Reduction of Anxiety by Noncontacting Stimulation 
Accurate Determination of Arterial Pressure Pulse 
Transit Time 
Animal Restraints for Primates 
Blood Pressure in Primates 
Blood Flow in Primates 
An Improved Indicator for Indicator-Dilution 
Studies 

* See Problem Status Code on the following page. 



A r t i v e  Problenr  S t a t u s  

A - Problem Definition 

Problem definition includes the identification of specific 
technology-related problems through discussions with biomedical 
investigators and the preparation of functional descriptions of 
problems using nondisciplinary terminology. 

B - Information Searching 
Information relevant to a solution is being sought by computer 
and/or manual information searching, 

C - Problem Abstract Dissemination 
An information search has revealed no potential solutions, and a 
problem abstract is being circulated to individual scientists and 
engineers at NASA centers and contractor facilities to solicit 
suggestions , 

D - Evaluation 

Potentially useful information or technology has been identified 
and is being evaluated by the Team and/or the problem originator. 

E - Potential Transfer 

Information or technology has been evaluated and found to be of 
potential value but has not been applied. 

F - Follow-up Activity 

A technology transfer has been accomplished, but further activity 
(i.e, documentation, obtaining experimental validation of utility, 
continuing modification, etc.) is required. 
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P R O B L E M  S T A T E M E N T  

"Data Corapress i o n  Techniques : Sof twarev '  

M3a"ts Needed --- 

Computat ional  t echn iques  developed f o r  d a t a  compression o r  d a t a  
redundancy r e d u c t i o n  t c  b e  used i n  t r a n s m i s s i o n  of medica l  d a t a ,  

There  a r e  n o t  enough p h y s i c i a n s  now. Even i f  a  d e c i s i o n  were  made 
tomorrow t o  s h a r p l y  i n c r e a s e  t h e  o u t p u t  o f  t h e  medica l  e d u c a t i o n  syseem, 
abou t  a  decade would e l a p s e  b e f o r e  an  i n c r e a s e  i n  t h e  number of d o c t o r s  
i n  c l i n i c a l  p r a c t i c e  would a p p e a r .  A p a r c i a l  s o l u t i o n  L O  t h e  problem 
of  i n a d e q u a ~ e  h e a l t h  c a r e  IS a more e f f i c i e n t  u t i l i z a t i o n  o f  t h e  d o c t o r ' s  
t ime  and t a l e n t s ,  and h e r e  i s  where computer and e l e c t r o ~ ~ i c s  technology 
shou ld  make a  l a r g e  c o n t r i b u t i o n ,  For i n s t a n c e ,  an  a p p r o p r i a t e  h o s p i t a l -  
t o - h o s p i t a l  d a t a  t r a n s m i s s i o n  system ( u s i n g  d i g i t a l  computers a t  each 
h o s p i t a l )  would permi t  medica l  s p e c i a l i s t s  a t  a  l a r g e  medica l  r e s e a r c h  
c e n t e r  t o  a s s i s t  t h e  more g e n e r a l  s t a f f s  a t  s m a l l e r  o u t l y i n g  h o s p i t a l s ,  
The i n f o r m a t i o n  ro b e  t r a n s m i t t e d  would i n c l u d e  e l e c t r o c a r d i o g r a p h  s i g -  
n a l s  and X-ray images. 

Taking t h e  X-ray a s  an example, t h e r e  i s  c l e a r l y  a  l a r g e  d e g r e e  of 
redundancy i n  t h e  image, Large  connected a r e a s  of t h e  image a r e  of 
one d e n s i t y ,  and t h e  r e a l  medica l  i n f o r m a t i o n  c o n t e n t  o c c u r s  a t  t h e  
r e g i o n s  where t h e  d e n s i t y  i s  v a r y i n g  ( t h u s  d e f i n i n g  edges  of bones o r  
o r g a n s ) ,  I n s t e a d  of d i g i t i z i n g  t h e  image and t r a n s m i t t i n g  d i r e c t l y ,  
computer p r o c e s s i n g  of t h e  d i g i t i z e d  image may permi t  s u b s t a n t i a l  reduc- 
t i o n  i n  t h e  redundancy of i n f o r m a t i o n  t o  b e  t r a n s m i t t e d .  A redundancy 
r e d u c t i o n ,  o r  d a t a  compression,  by a  f a c t o r  o f  t e n  o r  more may b e  
p o s s i b l e .  Th i s  would permi t  r e d u c t i o n  i n  bandwidth n e c e s s a r y  i n  t h e  
t r a n s m i t t e r  l i n k ,  hence ,  r e d u c t i o n  i n  c o s t ,  and may make t h i s  approach 
f e a s i b l e  f o r  h e a l t h  c a r e  d e l i v e r y ,  Also t h e r e  may b e  r e a s o n s  t o  wish 
s t o r a g e  o f  X-ray images i n  computer memories, 13ere a g a i n ,  a n  o r d e r  of 
magnitude d a t a  compression,  l e a d i n g  t o  cor responding  r e d u c t i o n  i n  
computer memory r e q u i r e d ,  can make t h e  d i f f e r e n c e  between t h e  p o s s i b l e  
and t h e  n o t  p o s s i b l e ,  

The r e s e a r c h e r  i s  one of a group a t  che Duke U n i v e r s i t y  Commiinity Health 
S c i e n c e  Depctrl-ment which rs piannirtg a l t e r r z a t i v e  fut rare  h e a l t h  c a r e  sys- 
terrrs b n i l  r a r o a t ~ d  data i vdnsrn-i sslon, p r o c e s s i n g  and s t o r a g e  rechn iques  , 
He wanLs i n f o z ~ n a r ~ ~ m  ahc,ut. : * i ) n l p ~ i t e i  progranmilng techni lques  411 date conn- 
p s r e s s l ~ n  Lor this system pldiliiing. Aienough t h e  nrirnijecs uir b ~ t s  P r l v o i v e d  
a r e  v e r y  dirlerenr, h e  1s In i e r e sced  botn I n  ECG s~gnalq and X-ray images.  



Cons t r a i i i i  s j r l ?  . i p e c i i i c < i t i o n s  - - - 

The ultimate use wi: I be s u f f i c i r n c l  y specialized in terms of the 
computer and its hardware i n t e r f a c e s  so that  t h e  researcher al~d Iris 
c o l l e a g u e s  will have t o  w r i t e  comple te ly  new programs f o r  t h i s  t a s k .  
Although they  a r e  v e r y  c a p a b l e  of  do ing  s o ,  c o n s i d e r a b l e  s a v i n g s  o f  
t ime w i l l  occur  i f  they  can b e  p rov ided  w i t h  good program documentat ion 
from computer programs pe r fo rming  d a t a  compress ion,  Such documentat ion 
shou ld  i n c l u d e  g e n e r a l  d i s c u s s i o n  and a p p r o p r i a t e  f low c h a r t s  a s  w e l l  
a s  t h e  a c t u a l  program s o u r c e  l i s t i n g  i t s e l f .  

B ib l iography  

Gardenh i re ,  L. W., " ~ a t a  Redundancy Reduct ion f o r  Biomedical  Telemetry" ,  
i n  Biomedical  Telemetry ,  C, H. Caceres ,  e d . ,  New York: Academic 
P r e s s ,  1965,  
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"Plathern;aticaL o r  Coniputer Methods f o r  t h e  Determinat ion 
of M a t e r i a l  P r o p e r t i e s  of Card iac  Muscle" 

What is  - Needed 

(1)  T h e o r e t i c a l  e l a s t i c i t y  and computer s o f t w a r e  developments which 
u t i l i z e  g e o m e t r i c a l  and e x t e r n a l  f o r c e  d a t a  t o  de te rmine  s t r e s s  and 
s t r a i n  d i s t r i b u t i o n s  i n  e l a s t i c  and v i s c o u s  m a t e r i a l s  t o  b e  used i n  a 
s t u d y  o f  h e a r t  muscle.  

(2)  M a t e r i a l s  s c i e n c e  s o f t w a r e  which u t i l i z e s  t i m e  and s p a t i a l  stress 
and s t r a i n  d i s t r i b u t i o n s  t o  c h a r a c t e r i z e  v i s c o u s  and nonviscous  m a t e r i a l  
p r o p e r t i e s  t o  b e  used i n  s t u d y  of h e a r t  muscle .  

Background 

A problem of major concern t o  t h e  c l i n i c a l  c a r d i o l o g i s t  i s  t o  e v a l u a t e  
t h e  t ime-varying p r o p e r t i e s  o f  c a r d i a c  muscle .  A knowledge o f  t h e s e  
p r o p e r t i e s  would b e  ve ry  b e n e f i c i a l  t o  t h e  c l i n i c i a n  i n  c h a r a c t e r i z i n g  
muscular  d i s e a s e s  by n o t i n g  a b n o r m a l i t i e s  i n  t h e  v a l u e s  of p r o p e r t i e s .  
Such an  i n d i r e c t  d e t e r m i n a t i o n  of c a r d i a c  d i s e a s e s  would a l s o  b e  
v a l u a b l e  t o  su rgeons  i n  dec id ing  whether  o r  n o t  t o  under take  c a r d i a c  
s u r g e r y ,  

C l i n i c a l  c a r d i o l o g i s t s  i n  major  medica l  c e n t e r s  o b t a i n  s imuPtaneously  
v e n t r i c u l a r  p r e s s u r e s  from c a r d i a c  c a t h e t e r i z a t i o n s  and chamber dimensions  
from c ineang iocard iograms ,  These d a t a  a r e  a  major  c o n s i d e r a t i o n  i n  
performing c a r d i a c  d i a g n o s i s .  However, a  more e x a c t  d i a g n o s i s  could  b e  
performed i f  t h e s e  d a t a  could  b e  u t i l i z e d  t o  de te rmine  t h e  m a t e r i a l  
p r o p e r t i e s  of t h e  c a r d i a c  muscle .  Th i s  r e q u i r e s  t h e  development of 
adequa te  a n a l y t i c a l  o r  numerical  models i n  myocard ia l  mechanics .  

The on ly  i n  v i v o  exper imenta l  d a t a  t h a t  can be  o b t a i n e d  f o r  de te rmin ing  
t h e s e  p r o p e r t i e s  a r e  c losed-ches t  d e t e r m i n a t i o n s  of t h e  v e n t r i c u l a r  
dimensions by c ineangiography and t h e  v e n t r i c u l a r  p r e s s u r e  by c a t h e t e r -  
i z a t i o n ,  The i n  v i v o  d a t a  a r e  c o r r u p t e d  by n o i s e  and a r e  p robab ly  
a c c u r a t e  t o  approximately  two s i g n i f i c a n t  f i g u r e s .  Thus,  proposed 
methods shou ld  b e  s t a b l e  and a c c u r a t e  when t h e r e  i s  c o n s i d e r a b l e  n o i s e  
i n  t h e  d a t a ,  

The fo1Lowing 1. i .s~ p i - ~ ~ : i d e s  a good s t a r t i r r g  pv iz r t  f o r  fnrt1ie-r readi.ng 
f ~ i  "its protlei t i  from Liie  c a r  d i o i o g i s e  % v i e w p o i n i  , 



Fry, D, L,, D, M, G r i g g s ,  and J. C ,  Greenfieid, ''Nyocardial W~chan ic s :  
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Mi r sky ,  I . ,  " L e f t  V e n t r i c u l a r  S t r e s s e s  i n  t h e  I n t a c t  Human Heart", 
B i o p h y s i c a l  J o u r n a l ,  Vo l .  9  (1969) ,  p p .  189-208. 

Fo r  f u r t h e r  i n f o r m a t i o n  c o n t a c t  

George S.  Hayne, Ph.D. 
R e s e a r c h  T r i a n g l e  I n s t i t u t e  
P .  0 ,  Box 12194 
Resea rch  T r i a n g l e  P a r k ,  N .  C .  27709 
(919)  549-8311 e x t .  389 



"Real-Time Data  A c q u i s i t i o n  During Batch Process ing"  

What is  Needed 

Computer programming t o  pe rmi t  asynchronous r e a l - t i m e  d a t a  a c q u i s i t i o n  
dur ing  b a t c h  p r o c e s s i n g  us ing  an IBM 1130 Model 2B computer i n  a  long- 
t e r m  r e s e a r c h  p r o j e c t  i n  ge ron to logy ,  t h e  s t u d y  of ag ing .  

The I B M  1130 computer i s  used by a  r e s e a r c h  group studyi.ng t h e  p rocess  
of ag ing .  A number of d i f f e r e n t  measurements i n c l u d i n g  e l e c t r o c a r d i o g r a m s  
(ECG) and e lec t roencepha lograms  (EEG) a r e  b e i n g  c a r r i e d  o u t  a t  one-year 
i n t e r v a l s  on a  s e l e c t e d  group of s e v e r a l  hundred o l d e r  peop le .  When 
t h i s  l o n g i t u d i n a l  s t u d y  i s  completed f i v e  o r  more y e a r s  from now, valu-  
a b l e  d a t a  on ag ing  p r o c e s s e s  and changes w i l l  b e  t h e  r e s u l t .  The computer 
was ob ta ined  f o r  a n a l y z i n g  t h e  EEG's and ECG's i n  t h i s  p r o j e c t  b u t  i s  a l s o  
h e a v i l y  used f o r  a  number of s t a t i s t i c a l  a n a l y s e s  and o t h e r  computa t ions ,  
a l l  performed i n  b a t c h  p r o c e s s i n g .  The u s e f u l n e s s  of t h e  computer would 
b e  c o n s i d e r a b l y  i n c r e a s e d  i f  i t  could  b e  used f o r  asynchronous r e a l - t i m e  
d a t a  c o l l e c t i o n  d u r i n g  t h e  b a t c h  p r o c e s s i n g  upon a  s u i t a b l e  i n t e r r u p t  
from t h e  e x t e r n a l  d a t a  s o u r c e .  

The computer i s  a n  IBM 1130 Model 2B (8 K words,  3.6 microsecond c y c l e  
t ime ,  b u i l t - i n  d i s k )  w i t h  an I B M  1132 p r i n t e r ,  a n  IBM 1442 reader-punch 
and a  Redcor A-D c o n v e r t e r  and 1130 i n t e r f a c e ,  o p e r a t i n g  w i t h  t h e  I B M  Disk  
Monitor System Vers ion  2 .  The programming t a s k ,  t o  b e  done i n  1130 
Assembler l anguage ,  w i l l  have t h e  f o l l o w i n g  t i m e  sequence:  

a ,  The 1130 i s  o p e r a t i n g  normally on a  ba tch-process ing  j o b ,  

b .  An asynchronous i n t e r r u p t  s i g n a l s  t h a t  d a t a  c o l l e c t i o n  i s  t o  o c c u r .  

c .  The c u r r e n t  b a t c h  job is r o l l e d  o u t  o n t o  t h e  d i s k  and t h e  d a t a  
c o L l e c t i o n  and convers ion  r o u t i n e  i s  r o l l e d  i n  from t h e  d i s k .  
Timing i s  n o t  c r i t i c a l  i n  t h i s  problem and s e v e r a l  seconds  may 
b e  taken i n  t h i s  s t e p ,  

d ,  The data a r e  collected and stored on tile disk fur La-cer b a ~ c ' h  
processing, The data collection process Lasts only several 
seconds in this a p p l i c a t i o r l ,  



e, A t  the e i ~ a  o f  datd c.?llecLfon, t h e  4nttia3 ha t c f r  j o b  is 
restored and t l ~ c ?  system corrtinues operating as in step a, 
(until rhe nexi interrupt occurs, when the whole cycle will 
he repea~ed), 

In format ion  i s  d e s i r e d  which is  r e l a t e d  t o  t h e  e x p e r i e n c e  of o t h e r  1130 
u s e r s  i n  do ing  s i m i l a r  d a t a  c o l l e c t i o n  upon i n t e r r u p t s ;  t h e  i n f o r m a t i o n  
can range from program l i s t i n g s  and documentation through d i s c u s s i o n s  
w i t h  1130 u s e r s  t o  i d e n t i f y  p o s s i b l e  problems o r  d i f f i c u l t i e s  which 
might b e  encounte red ,  I f  t h i s  i n f o r m a t i o n  can b e  found, t h e  r e s e a r c h e r s  
i n  t h i s  problem w i l l  b e  a b l e  t o  do t h e  n e c e s s a r y  programming i n  a  t ime  
c o n s i d e r a b l y  s h o r t e r  t h a n  would b e  t h e  c a s e  w i t h o u t  t h i s  h e l p .  

For  f u r t h e r  i n f o r m a t i o n  c o n t a c t  
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P R O B L E M  S T A T E M E N T  

"Betermirration of t h e  Diseased S t a t e  of t h e  Hear t  from E l e c t r o c a r d i o -  
g r a p h i c  S u r f a c e - P o t e n t i a l  Recordings" 

What is  Needed - 

For  a  model a t t e m p t i n g  t o  r e p r e s e n t  t h e  h e a r t ' s  e l e c t r i c a l  a c t i v i t y  by 
a  s e t  of on-off d i p o l e s ,  computer programs and 2 u m e r i c a l  methods a r e  
needed t o  d e t e ~ r n i n e  t h e  optimum s e t  of d i p o l e s  p ( t )  t o  f i t  a g i v e n  s e t  
o f  p o t e n t i a l s  @ ( t )  determined a t  t h e  body 's  s u r f a c e .  

The "forward problernU i n  e l e c t r o c a r d i o g r a p h y  c o n s i d e r s  t h e  generat iorr  
of e l e c t r i c a l  p o t e n t i a l s  w i t h i n  t h e  body and on i t s  s u r f a c e  r e s u l t i n g  
from t h e  e l e c t r i c a l  a c t i v i t y  of t h e  h e a r t .  The h e a r t ' s  a c t i v i t y  i s  
r e p r e s e n t e d  by a  s u i t a b l e  s e t  of g e n e r a t o r s ,  and a  s e t  of d i p o l e s  o r  
some t y p e  of m u l t i p o l e  expans ion ,  p l u s  t h e  f a c t  t h a t  i n  s o l v i n g  t h e  
forward problem, p roper  account  h a s  t o  b e  t aken  o f  body inhomogene i t i e s ,  
a n i s o t r o p y  and shape .  The " i n v e r s e  problem" i s  concerned w i t h  d e t e r -  
mina t ion  of t h e  g e n e r a t o r s  r e p r e s e n t i n g  t h e  h e a r t ,  g iven  t h e  e l e c t r i c a l  
p o t e n t i a l s  measured a t  t h e  body 's  s u r f a c e  and g i v e n  t h e  body 's  geometry.  
Thus, t h e  i n v e r s e  problem r e p r e s e n t s  t h e  c l i n i c a l  s i t u a t i o n  i n  which 
one t r i e s  t o  i n f e r  t h e  d i s e a s e  s t a t e  of t h e  h e a r t  from measured t o r s o  
p o t e n t i a l s ,  Because i t  i s  fundamental  t o  e l e c t r o c a r d i o g r a p h y ,  t h e  
i n v e r s e  problem h a s  a  long h i s t o r y ,  b u t  on ly  w i t h  a c c e s s  t o  modern 
d i g i t a l  computat ion f a c i l i t i e s  h a s  t h e r e  been much hope f o r  a  c l i n i c a l l y  
o r  d i a g n o s t i c a l l y  u s e f u l  s o l u t i o n  t o  t h e  i n v e r s e  problem. 

In g e n e r a l ,  a t  a p a r t i c u l a r  i n s t a n t  of t ime  t h e  N s e p a r a t e  p o t e n t i a l s  
measured a t  N p o i n t s  on t h e  t o r s o  can be  r e p r e s e n t e d  by a  N d imens iona l  
v e c t o r  @ ,  The h e a r t  g e n e r a t o r s  can b e  r e p r e s e n t e d  by a  M dimens iona l  
v e c t o r  p ,  Then a t  t h a t  i n s t a n t ,  

where  C is a N M M lriat.r-ix w i t h  N ;. M in  he present ~ g o r k ,  Most of t h e  
models rlsed h c  date have been Exne i l ldependent ;  that is, ~l-te cardiac 
genelator moments or multipoles have been obtained at various instants 
in einie and LI-rc r e s t ~ i  ts cori~bilned to obd_ain the  inomenss ds a, funclion of 
ti-iiie[l ,Z], Ti;c c l ~ l y  e f ~ i : ~ ~  Je,,c,~idellL irioclel i ~ u ~ i c  of whic'la the 



o r l g ~ . n a C o r s  arc: aware i 6 ~ a s  done by Bellinan -- e-1, -- [ ? I  and by baker  
e t  a1, ( 4 1 - Both of  t h e s e  approaches  asstrmed a t ime  dcpenderzt sequence - 
t h a t  was CJa~issjan shaped and h ~ v e  r r t t ~ l t i p l e  minima d i f f i c u l t i e s  when 
dppi-ted t o  r e a l  data, A r e c e n t  t ime independent  model by Barr  e t  a L . [ 5 ]  -- 
s u g g e s t s  t h a t  a  model which assumes t h a t  t h e  d i p o l e s  a r e  on o r  o f f  may 
b e  u s e f u l .  T h i s  problem s t a t e m e n t  a r i s e s  from an  a t t e m p t  t o  ex tend  
Barr's t ime independent  model t o  i n c l u d e  t ime dependent c o n s t r a i n t s .  

3 -5 

L e t t i n g  b o t h  @ and p  b e  t ime dependent ,  e q u a t i o n  ( I )  becomes 

2. 
The on-off p u l s e s  p ( t )  t u r n  on a t  T i = 1, 2 ,  . . ., M and t u r n  o f f  a t  

i9  
T The ampl i tude  of a  p u l s e  is  K The problem i s  t o  f i n d  t h e  3M 
i s  i' , 

v a r i a b l e s  T T ~ ,  . . . )  T ~ ;  T ~ ' (  T~ , . . . )  T K1) K2, . . ., \) 
which w i l l  mlnimlze 

Other  o p t i m i z a t i o n  c r i t e r i a  ( e . g .  mini-max) o t h e r  t h a n  l e a s t  s q u a r e s  
might b e  u s e f u l .  Computer programs o r  methods t o  pe rmi t  d e t e r m i n a t i o n  
o f  t h e  optimum p u l s e  s e t  $ ( t )  would have c o n s i d e r a b l e  impact on t h e  
p o s s i b i l i t i e s  f o r  d e t e c t i o n  and assessment  of h e a r t  d i s e a s e  by t h e  
n o n i n v a s i v e  t echn ique  of body s u r f a c e  p o t e n t i a l  measurements.  

The o n l y  i n  v ivo  exper imenta l  d a t a  t h a t  can b e  o b t a i n e d  f o r  d e t e ~ m i n i n g  
t h e s e  p r o p e r t i e s  a r e  t o r s o  p o t e n t i a l s ,  $, and g e o m e t r i c a l  d a t a ,  2, 
The p o t e n t i a l s  a r e  c o r r u p t e d  by n o i s e  and t h e  g e o m e t r i c a l  d a t a  a r e  A 

b i a s e d  by n o i s e  and ana tomica l  u n c e r t a i n t y .  The n e t  r e s u l t  As t h a t  0 
i s  probab ly  a c c u r a t e  t o  a t  most two s i g n i f i c a n t  f i g u r e s  and C i s  l e s s  
a c c u r a t e  t h a n  $, Thus, proposed methods shou ld  b e  s t a b l e  and a c c u r a t e  
when t h e r e  i s  c o n s i d e r a b l e  n o i s e  i n  t h e  d a t a ,  
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" ~ t i l i z a t i o n  of t h e  Hodgliin-Huxley Equat ions  f o r  Determining 
The Propaga t ion  of Card iac  Ac t ion  P o t e n t i a l s "  

What i s  Needed 

Computer programs o r  i n f o r m a t i o n  about  computer methods t o  s o l v e  
n u m e r i c a l l y  t h e  Hodgkin--Huxley e q u a t i o n  (g iven  below) f o r  t h e  c a s e  i n  
which t h e  sodium and potass ium c o n d u c t i v i t i e s  va ry  w i t h  p o s i t i o n ,  
t ime ,  and p o t e n t i a l ,  t o  b e  used i n  b a s i c  r e s e a r c h  on t h e  h e a r t .  

The p r e s e n t  unders tand ing  of and c a p a b i l i t i e s  f o r  t h e  d i a g n o s i s  of c a r d i a c  
d i s e a s e s  such a s  myocardia l  i n f a r c t i o n  a r e  l i m i t e d  by t h e  l a c k  of a  p re -  
c i s e  q u a n t i t a t i v e  d e s c r i p t i o n  o f  t h e  p ropaga t ion  of c a r d i a c  a c t i o n  
p o t e n t i a l s ,  Th i s  q u a n t i t a t i v e  d e s c r i p t i o n  r e q u i r e s  t h e  s o l u t i o n  of a  
n o n l i n e a r  p a r t i a l  d i f f e r e n t i a l  e q u a t i o n  developed by Hodgkin and Huxley. 

I n  1952 Hodgkin and Huxley 111 developed and t e s t e d  a  s e t  of d i f f e r e n t i a l  
e q u a t i o n s  which d e s c r i b e  t h e  e l e c t r i c a l  p r o p e r t i e s  of t h e  e x c i t a b l e  mem- 
b r a n e  of t h e  s q u i d  ne rve  f i b e r ,  S i n c e  t h e n  t h e  range  of a p p l i c a t i o n  h a s  
been extended i n  two ways. F i r s t ,  t h e  o r i g i n a l  e q u a t i o n s  have been 
a p p l i e d  t o  a wider  v a r i e t y  of phenomena i n  s q u i d  n e r v e ,  i n c l u d i n g  t h e  
e f f e c t s  of t empera tu re  on t h e  propagated a c t i o n  p o t e n t i a l ,  t h e  r e p e t i t i v e  
f i r i n g  observed i n  low ca lc ium c o n c e n t r a t i o n s ,  t h e  prolonged a c t i o n  
p o t e n t i a l s  produced by tetraethylammonium i o n s ,  and t h e  h y p e r p o l a r i z i n g  
r e s p o n s e s  observed i n  h i g h  po tass ium s o l u t i o n s .  Second, t h e  e q u a t i o n s  
have been a p p l i e d  t o  o t h e r  e x c i t a b l e  t i s s u e s  [ 2 ]  i n c l u d i n g  myel ina ted  
n e r v e  and c a r d i a c  muscle ,  

The work d e s c r i b e d  i n  t h i s  problem s t a t e m e n t  i s  concerned w i t h  
i n c o r p o r a t i n g  r e c e n t  c a r d i a c  muscle d a t a  f o r  t h e  dependence o f  po tass ium 
(gK) c o n d u c t i v i t y  [ 3 ]  i n t o  t h e  Hodgkin-Huxley e q u a t i o n s  t o  s t u d y  t h e  
p r o p a g a t i o n  of c a r d i a c  a c t i o n  p o t e n t i a l s .  A s o l u t i o n  t o  t h i s  b a s i c  
r e s e a r c h  problem i n  c a r d i a c  physiology would have impor tan t  c l i n i c a l  
and d i a g n o s t i c  consequences,  

C o n s t r a i n t s  and S e e c i f f c a t i n n s  ---- 

T h e  H~7dgki.n-CI~xley partial d i f f e r e n t i d  e q u a t i o n ,  f o r  i~iticfi computer 
or nrlrnericai methods of c ;oLut ian  a r e  r e q u i r e d ,  i s  
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r i ~ ~ i ~ i  O M  "?I k i  G ' I E I ~ ~  i 

"Shadowing r fe ihods  t o r  High  R e s o l u t i o n  E l e c t r o n  Microscopy" 

What is  Needed 

B e t t e r  metllods a r e  needed t o  o b t a i n  v e r y  rrniform, r h i n  (10-30i) 
f i l m s  o f  p la t inum o r  o t h e r  heavy m e t a l  d e p o s i t e d  on co ld  b i o l o g i c a l  
specimens i n  t h e  f r e e z e - f r a c t u r e  method of e l e c t r o n  inicrosco e  s t u d i e s  
of c e l l u l a r  u l t r a s t r u c t u r e .  R e g u l a r i t y  a t  t h e  l e v e l  of 5-10 1 is  d e s i r e d .  

A man, o r  any o t h e r  of t h e  h l g h e ~  an imals ,  i s  a  c o l l e i t i o n  oF i r ~ d i v i d u a l  
c e l l s ,  each c e l l  an  ana tomica l ly  independent  u n i t  bounded by a  c e l l u l a r  
nienlbrane, Yet t h e s e  c e l l s  c l e a r l y  a r e  o rgan ized  and t h e i r  a c t i o n s  
c o o r d i n a t e d ;  thus  any paopez d e f i n i t i o n  of l i f e  o r  i r t t e l l i g e r r c e  ~ l ~ u s t  
t a k e  i n t o  account  t h e  trai lsnlkssion o f  i n f o r m a t i o n  from c e l l  co c e l l  i r t  
t h e  m u l t i c e l l u l a r  animal  t o  a c h i e v e  t h e  o v e r a l l  o r g a n i z a t i o n  and 
c o o r d i n a t i o n ,  Answers t o  q u e s t i o n s  abou t  i n t e r c e l l u l a r  communication 
a r e  b e i n g  found by b a s i c  r e s e a r c h  on t h e  f u n c t i o n  and s t r u c t u r e  of t h e  
c e l l u l a r  membrane, 

The problem o r i g i n a t o r  i s  i n v e s t i g a t i n g  d e t a i l s  of c e l l u l a r  membrane 
s t r u c t u r e ,  and t h e  p r i n c i p a l  t o o l  i n  t h i s  i m p o r t a n t  fundamental  r e s e a r c h  
i s  t h e  t r a n s m i s s i o n  e l e c t r o n  microscope [ I ] ,  The b i o l o g i c a l  specimen i s  
prepared  by t h e  f r e e z e - f  r a c t u r i n g  p r o c e s s  [2 3 and "shadowed7' w i t h  
p la t inum t o  enhance c o n t r a s t  and t o  r e v e a l  th ree -d imens iona l  d e t a i l ,  
y h i l e  modern e l e c t r o n  microscopes  have r e s o l u t i o n  l i m i t s  of  s e v e r a l  
Angstroms, e l e c t r o n  micrographs  of c e l l u l s r  u l t r a s t r u c t u r e  a r e  g e n e r a l l y  
l i m i t e d  i n  r e s o l u t i o n  t o  t h e  range  20-100A, and much of t h i s  l i m i t a t i o n  
i s  due t o  t h e  shadowing p r o c e s s  i t s e l f ,  Tmprovement i n  shadowing i s  t h e  
s u b j e c t  of t h i s  problem s t a t e m e n t ,  

Shadowing i s  s imply t h e  evapora r ion  i n  vacuum of a  t h i n  l a y e r  (10-30A 
t y p i c a l l y )  of a heavy m e t a l  (such a s  p l a t i n u m )  a t  a n  o b l i q u e  a n g l e  
( o f t e n  approx imate ly  45') o n t o  t h e  f a c e  of t h e  f r e e z e - f r a c t u r e d  s p e c i -  

0 
men. The specimen tempera tu re  is  80 K t o  1 5 0 ~ 1 ~  when t h i s  o c c u r s ,  The 
shadowing m a t e r i a l  must b e  heavy ( r e l a t i v e l y  h igh  a tomic number) t o  
p rov ide  a d e q u a t e  e l e c c r o n  s e a r t e r i n g  i n  t h e  t r a n s m i s s i o n  e l e c t r o n  
microscope.  The .;cqr:iremer;ts o f  g e o m e t r i c a l  shadow producti i ir ;  t o  
emphasize t h e  s u r f a c e  r e l j e f  f e a t u r e s ,  t o g e t h e r  wi rh  t h e  low specimen 
t e m p e r a t u r e ,  i~arve made vactrurn evapora r ion  t h e  o n l y  method used  thus 
f a r  for d e p o s i l i o a  of ahe shadowing  m a t e r i a l  

cc--<. >lit. -- ~ r n i n t l s  and  S p e c i  f - i c a b  inns 
- ' --- 

The un-iforxnity and homogeneity o f  t he  shadow coat i s  ti-ie ser%oers 
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Either theore t - ica l  ic~iciaj~lLedge or pi-act-ic;ai exper ience  and d e t a i l s  may 
be h e i p f i r l ,  acid tlie des.iu:etI information ini.ght. L e  f o ~ i i ~ d  f~r i  the folloutrireg 
g roups  alnuug 0 t h e r s  : 

1, ~ 1 e c a L ~ ~ i g i ~ t s  wb8o l ~ i d y  know I ~ O W  to V ~ C U U I I I  d e p o s j  t. hedvy 
m e t d l s  i n  a manner minimizing c r y s t a l l i t e  s i z e s .  

2 ,  O p t i c a l  e n g i n e e r s  and s c i e n t i s t s  w i t h  e x p e r i e n c e  i n  o p t i c a l  
c o a t i n g s  and r e l a t e d  p r o c e s s e s ,  

3 .  S u r f a c e  phenomena s c i e n t i s t s  who cou ld  a n a l y z e  t h e  p r o c e s s e s  
o c c u r r i n g  i n  t h e  shadow c o a t  condensa t ion .  

4 .  Semiconductor d e v i c e  e x p e r t s  w i t h  e x p e r i e n c e  i n  t h i n  f i l m  
p r o c e s s e s ,  

5.  E l e c t r o n  m i c r o s c o p i s t s ,  p a r t i c u l . a r l y  t h o s e  working on 
c e l l u l a r  s t r u c t u r e .  
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P R O B L E M  S T A T E M E N T  

"Freezing Uni t  f o r  Smallpox, Measles ,  and Yellow Fever  Vaccines" 

What i s  Needed 

A p o r t a b l e  self-powered f r e e z i n g  u n i t  f o r  s t o r i n g  v a c c i n e s  i n  remote ,  
t r o p i c a l  r e g i o n s  f o r  p e r i o d s  up t o  twenty days .  

Background 

Smallpox, meas les ,  and y e l l o w  f e v e r  a r e  h i g h l y  con tag ious  d i s e a s e s  
which can r e s u l t  i n  permanent d i s f i g u r e m e n t ,  d i s a b i l i t y ,  and d e a t h .  
The World Hea l th  O r g a n i z a t i o n  has  se t  a g o a l  of e r a d i c a t i n g  smal lpox 
from t h e  e a r t h  by 1977 and, t o  reach  t h a t  g o a l ,  massive  v a c c i n a t i o n  
programs a r e  underway under  t h e  a u s p i c e s  of t h e  N a t i o n a l  Communicable 
D i s e a s e  Cen te r  and t h e  Agency f o r  I n t e r n a t i o n a l  Development. The 
program i s  p a r t i c u l a r l y  a c t i v e  i n  A f r i c a  because  t h e  d i s e a s e  i s  endemic 
i n  t h e  t r o p i c s .  Measles v a c c i n e  is s i m u l t a n e o u s l y  a d m i n i s t e r e d  t o  t h e  
6-18 months o l d  age  group r e c e i v i n g  smal lpox.  Measles c o n t r o l  i s  a n  
i n t e g r a l  a c t i v i t y  of t h e  West A f r i c a  Smallpox E r a d i c a t i o n  Programs. 
West A f r i c a n  mobi le  f i e l d  u n i t s  a r e  a l s o  a d m i n i s t e r i n g  ye l low f e v e r  
v a c c i n e s .  

0 
Measles and ye l low f e v e r  v a c c i n e s  must b e  s t o r e d  a t  0 C o r  lower 
from t h e  t ime  of p r o d u c t i o n  t o  t h e  t i m e  of a d m i n i s t r a t i o n  t o  t h e  
p a t i e n t .  Th i s  degree  o f  t empera tu re  c o n t r o l  i s  p a r t i c u l a r l y  d i f f i c u l t  
i n  t h e  remote r e g i o n s  of t r o p i c a l  A f r i c a  s i n c e  t h e  v a c c i n e  must b e  
t r a n s p o r t e d  by t r u c k  t o  t h e  remote r e g i o n s ,  and t h e  v a c c i n e  must b e  
s t o r e d  i n  p o r t a b l e  t r u c k  b o r n e  f r e e z e r s  f o r  p e r i o d s  up t o  20 days .  
S e v e r a l  t y p e s  of u n i t s  have been t r i e d  b u t  a l l  have been u n s a t i s f a c t o r y .  
Kerosene o p e r a t e d  u n i t s  have  n o t  been mobi le  enough and t h e r m o - e l e c t r i c  
u n i t s  have n o t  p rov ided  a d e q u a t e  t empera tu res  and c o n t r o l ,  It may b e  
p o s s i b l e  t o  u s e  low p r e s s u r e  g a s  o p e r a t e d  u n i t s  i f  r e l i a b l e  u n i t s  can  
b e  found, L iqu id  n i t r o g e n  u n i t s  have been t o o  expens ive .  

Requirements and S p e c i f i c a t i o n s  

The c o n s t r a i n t s  on weight  and s i z e  of t h e  f r e e z e r  a r e  approximately  
150 pounds, and 30 i n c h e s  x 30 i n c h e s  x  30 i n c h e s ,  w i t h  a  2 .5  - 3  c u b i c  
f e e t  c a p a c i t y .  I n t e r n a l  t empera tu res  of 0' o r  lower must b e  main ta ined  
i n  remote a r e a s  f o r  20 days  i n  r e g i o n s  where t h e  ambient r empera tu re  is 
38O C ,  I n t e r n a l  t empera tu res  can be  a s  low a s  l i q u i d  n i t r o g e n  tempera- 
t u r e s ,  The f r e e z i n g  u n i t  must be  opened once a day t o  remove t h e  day ' s  
supp ly  of v a c c i n e ,  S i m p l i c i t y  o f  o p e r a t i o n  i s  r e q u i r e d ,  



Charac terf s t i c s  o f  krleudilr  Technol  o e v  

Technology is required which i^ iLiT res~ltiiii t h e  desired freeres u r ~ i r ,  
This includes both the refrigeration unit as weli as improved thermal 
insulation. Any new tecl-inology in these areas will be valuable but 
constraints of ruggedness and portability must be considered. 

Labusquiere, R, "Mass Rubeola Immunization in Africa", (Pan Amer. Health 
Organization WHO Scientific Publication No. 147), (May 1967). 

Morley, D .  C .  "13easles in West Africa", West African Med. Journal 16:24, 
(Feb, 1967). 
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P R O B L E M  S T A T E M E N T  

"An Improved I n d i c a t o r  f o r  I n d i c a t o r - D i l u t i o n  S t u d i e s ' '  

What i s  Needed 

A normal ly  i n e r t  i n d i c a t o r  s u b s t a n c e  which can b e  mixed w i t h  blood 
( p r e f e r a b l y  i n  s o l u t i o n )  and can b e  i n s t a n t a n e o u s l y  a c t i v a t e d  by 
e x t e r n a l  energy t o  an  a p p r o p r i a t e  s t a t e  wherein  i t  can b e  d e t e c t e d  
e x t e r n a l l y ,  n o n i n v a s i v e l y ,  and n o n d e s t r u c t i v e l y .  

The i n d i c a t o r  d i l u t i o n  t e c h n i q u e  i s  one of t h e  b a s i c  methods employed 
i n  t h e  s t u d y  of t h e  c a r d i o v a s c u l a r  system. Using t h i s  t e c h n i q u e ,  a  
number of impor tan t  pa ramete rs  concern ing  t h e  c a r d i o v a s c u l a r  sys tem can 
b e  determined i n c l u d i n g  c a r d i a c  o u t p u t ,  b lood t r a n s i t  t i m e ,  and v a s c u l a r  
(blood v e s s e l s )  volume. Accura te  d e t e r m i n a t i o n  of t h e s e  pa ramete rs  w i l l  
pe rmi t  g r e a t e r  unders tand ing  of how t h e  human body responds i n  shock.  I n  
a d d i t i o n ,  a  s imple  t e c h n i q u e  which can  b e  a p p l i e d  c l i n i c a l l y  could  b e  
ve ry  b e n e f i c i a l  i n  t h e  d e t e c t i o n  and d i a g n o s i s  of d i s e a s e  s t a t e s  which 
accompany o r  p recede  t h e  shock s t a t e .  

Conven t iona l ly ,  t h e  i n d i c a t o r - d i l u t i o n  t echn ique  r e q u i r e s  t h e  r a p i d  
i n j e c t i o n  of a n  i n d i c a t o r  s u b s t a n c e  a t  one p o i n t  ( i n j e c t i o n  s i t e )  i n  a  
b lood  v e s s e l  and t h e  d e t e c t i o n  of t h e  i n d i c a t o r  c o n c e n t r a t i o n  a t  a  
downstream p o i n t  (sampling s i t e ) .  I f  t h e  i n d i c a t o r  c o n c e n t r a t i o n  i s  
recorded  c o n t i n u o u s l y  a s  a f u n c t i o n  of t i m e ,  normal ly  a c u r v e  resembling 
t h a t  o f  F i g u r e  1 w i l l  r e s u l t .  

a .  I n d i c a t o r  I 

I n j e c t i o n  I' I 
( I n j e c t i o n  S i t e )  I : 

c ( t )  i\I 
-. -- - ---'---- -- - - - - - - - 

T 

Figure 1, Idealized I n d i c a t o r  Concentration Curve 



-- 
'rh, average f l o w  r a t e ,  F, is eclr~al to the volume thror~gh.  the sampling 
site divided by__the time (t -;: t - t ) 'The volurrie tl~rougk the sampling 2 
site is V = I / C  where 1 - amount o& indicator added and C = average 

A -- 
concentration, Hence, 

A 

The denominator can  b e  o b t a i n e d  by i n t e g r a t i n g  t o  o b t a i n  t h e  a r e a  under 
t h e  c o n c e n t r a t i o n  curve  i n  F i g u r e  l b .  

2 
-- 
C t  = Cdt 

t 
1 

So t h a t ,  average  f low r a t e  o r  c a r d i a c  o u t p u t  i s  

L 

Cdt 

Var ious  o t h e r  pa ramete rs  of i n t e r e s t  can b e  c a l c u l a t e d  u s i n g  t h e  a p p r o p r i a t e  
mathemat ica l  formulae;  e . g .  

F c ( t ) d t  
mean ( p a r t i c l e )  t r a n s i t  t ime (MTT) = , and 

- 
v a s c u l a r  volume (Q)  = F.MTT . 

'rl-ris system - laas been used  w i t h  considerable success for rneasurrlng cardiac 
outpu"r. (F)  , but ROE. COD S U L C ~ S S L U L ~  y in ( - i e t t r n i i~ i i i i g  iMTT 01 Cj, Theie are, 



i t appear:, , ~ ~ , ; ~ r ; i m i ~ ~ : t j L  e . - rors  as~cciater"; $ ~ i  t h  t h i s  " p -  ~~chaique, Fcr 
exainple, it i s  assumed Lhat t h e  i n j e c t i o n  of i r td ica to r  occurs  ds d 
s q u a r e  wave p u l s e  (bo lus )  and t h a t  r t  is  d i s t r i b u t e d  uniformly and 
i n s t a n t a n e o u s l y  a c r o s s  t h e  t u b e  a t  t h e  t ime of i n j e c t i o n .  I:: a c t u a l  
p r a c t i c e ,  t h i s  i s  extremely d i f f i c u l t  t o  accomplish ,  To a c h i e v e  a  
s q u a r e  wave p u l s e  i n j e c t i o n ,  washout o f  i n d i c a t o r  from t h e  i n j e c t o r  t i p  
must b e  e l i m i n a t e d .  Of g r e a t e r  s i g n i f i c a n c e  i s  t h e  i n a b i l i t y  t o  a c h i e v e  
a  uniform i n s t a n t a n e o u s  d i s t r i b u t i o n  of i n d i c a t o r  a c r o s s  t h e  t u b e  a t  t h e  
t ime of i n j e c t i o n .  Nonuniform d i s t r i b u t i o n ,  of c o u r s e ,  c o n t r i b u t e s  
e r r o r  t o  t h e  measurement and causes  unequal  l o a d i n g  of f low s t r e a m l i n e s .  
The e r r o r  i s  compounded by t h e  l aminar  f low g e n e r a l l y  c o n s i d e r e d  t o  b e  
p r e s e n t  i n  l a r g e  blood v e s s e l s .  I n  l aminar  f low,  t h e  v e l o c i t y  o f  t h e  
f l u i d  v a r i e s  from zero  a t  t h e  w a l l s  of t h e  t u b e  t o  a  maximum v a l u e  i n  
t h e  c e n t e r  of t h e  t u b e  ( i . e .  p a r a b o l i c a l l y ) .  Consequent ly ,  i f  t h e  dye 
i n j e c t i o n  i s  n o t  uniform a c r o s s  t h e  c r o s s  s e c t i o n ,  t h o s e  p o r t i o n s  of 
t h e  c r o s s  s e c t i o n  r e c e i v i n g  t h e  g r e a t e r  amount of dye w i l l  b i a s  t h e  
r e s u l t s  by showing a  l a r g e r  c o n t r i b u t i o n ,  thus  caus ing  t h e  i n d i c a t o r  
c o n c e n t r a t i o n  c u r v e  t o  b e  b i a s e d  i n  t ime e i t h e r  n e g a t i v e l y  o r  p o s i t i v e l y ,  
depending on whether  t h e  excess  dye c o n c e n t r a t i o n  i s  i n j e c t e d  i n t o  a  
p o r t i o n  of t h e  t u b e  c r o s s  s e c t i o n  f lowing a t  a s lower  o r  f a s t e r  r a t e  
t h a n  t h e  mean f low r a t e .  

Var ious  means, such a s  s p e c i a l l y  des igned  b o l u s  i n j e c t o r s  and mechanical  
mixers  a t  t h e  t u b e  i n j e c t i o n  s i t e ,  have  been a t t empted  t o  s o l v e  t h e s e  
two problems, b u t  complete s u c c e s s  i n  e l i m i n a t i n g  t h e s e  e r r o r s  has  n o t  
been  ach ieved .  

C o n s t r a i n t s  and S p e c i f i c a t i o n s  

I n  o r d e r  t o  e l i m i n a t e  t h e s e  e r r o r s  i n t r o d u c e d  a t  t h e  i n j e c t i o n  s i t e ,  a  
new k ind  of i n d i c a t o r  t a g g i n g  i s  d e s i r e d ,  s p e c i f i c a l l y ,  an  i n e r t  s u b s t a n c e  
which can  b e  a c t i v a t e d  s o  a s  t o  become an  i n d i c a t o r  by i r r a d i a t i o n  w i t h  
energy from e x t e r n a l  s o u r c e s .  I n  t h i s  approach t h e  i n e r t  s u b s t a n c e  could  
b e  i n j e c t e d  i n  t h e  c a r d i o v a s c u l a r  sys tem and a l lowed t o  c i r c u l a t e  u n t i l  
thoroughly mixed. Then a t  t h e  " so-ca l l ed"  i n j e c t i o n  s i t e ,  a  s m a l l  seg-  
ment of t h e  blood v e s s e l  would b e  i r r a d i a t e d  uniformly t o  " a c t i v a t e i '  t h e  
i n d i c a t o r .  The i n d i c a t o r  c o n c e n t r a t i o n  would b e  sensed  a t  t h e  sampl ing 
s i t e  u s i n g  t h e  a p p r o p r i a t e  d e t e c t o r .  

U l t i m a t e l y ,  a  b iocompat ib le  sys tem is r e q u i r e d .  S p e c i f i c a l l y ,  t h e  
i n d i c a t o r  i n  i t s  " i n e r t "  and " a c t i v a t e d 1 '  s t a t e s  shou ld  b e  n o n t o x i c ,  
b lood-compat ible ,  n o n c l o t t i n g ,  and t h e  p a r t i c l e  s i z e  shou ld  b e  no g r e a t e r  
t h a n  20 mic rons ,  I n  a d d i t i o n ,  t h e  energy r e q u i r e d  t o  a c t i v a t e  t h e  
i n d i c a t o r  shou ld  n o t  c a u s e  damage t o  human t i s s u e ,  and t h e  i n d i c a t o r  
shou ld  remain i n  i t s  " a c t i v a t e d "  s t a t e  f o r  a t  l e a s t  s e v e r a l  minutes  b u t  
no more t h a n  20 minu tes .  

I n i t i a l  e x p e r i m e n t a t i o n ,  however, will be  c a r r i e d  o u t  u s i n g  a model 
systeni so t h a t ,  at. feast f o r  the preliminary experiments, the require- 
ments cdn be g r e a t l y  relaxed, P o t e a t i a l  solrrtiorrs c . ~ i l  i he c c ~ n s i d e r e d  
for use i n  mode[ systems, 



The L &searcher is ilrieies t e d  kit ob Lairtirig any lnfornrat ion corleerning 
substances ( w h r c h  can  b e  mixed w i t h  fluids c i r c u l a t i n g  i n  ttibes) t h a t  
can  be  a c t i v a t e d  t o  some e n e r g i z e d  o r  e x c i t e d  s t a t e  s o  t h e  s u b s t a n c e  
is  c a p a b l e  of d e t e c t i o n  us ing  e x t e r n a l  s e n s o r s ,  The m a t e r i a l  shou ld  
remain i n  t h e  e x c i t e d  s t a t e  f o r  s e v e r a l  minutes  ( 1  - 20) t o  pe rmi t  
d e t e c t i o n  a t  downstream s i t e s ,  A l l  p o t e n t i a l  s o l u t i o n s  w i l l  be  con- 
s i d e r e d ,  and no r e s t r a i n t s  a r e  imposed on t h e  means f o r  a c t i v a t i n g  t h e  
m a t e r i a l  o r  i n  d e t e c t i n g  t h e  a c t i v a t e d  m a t e r i a l  excep t  t h a t  they  must 
b e  accomplished e x t e r n a l l y .  A s  i n  any r e s e a r c h  p r o j e c t ,  however, a l l  
p o t e n t i a l  s o l u t i o n s  w i l l  b e  e v a l u a t e d  on a t rade-of f  b a s i s  i n  which 
e a s e  of implementat ion w i t h i n  t h e  r e s e a r c h e r ' s  l a b o r a t o r y  and o v e r a l l  
c o s t  w i l l  b e  f a c t o r s .  

For a d d i t i o n a l  i n f o r m a t i o n  on i n d i c a t o r - d i l u t i o n  t e c h n i q u e s ,  t h e  r e a d e r  
i s  r e f e r r e d  t o  t h e  fo l lowing  a r t i c l e s :  

Green, H.  D . ,  A. B ,  Denison, J r . ,  C .  E. Rape la ,  G .  L i n ,  "Use of I n d i c a t o r  
Concen t ra t ion  Curves i n  Computation of Mean R a t e  of Flow and Volume 
of Blood Contained w i t h i n  a  Segment o f  t h e  Vascular  System"; IRE - 
T r a n s a c t i o n s  on Medical  E l e c t r o n i c s ,  Dec. 1959, pp. 277-282. 

Lackey, G.  F . ,  F. L .  Thurs tone,  C .  L .  P o r c i u n c u l a ,  A. B ,  Denison,  J r . ,  
"An Equat ion f o r  I n d i c a t o r  Mean T r a n s i t  Time (MTT) i n  a  Model Hydro- 
dynamic System", F e d e r a t i o n  Proceed ings ,  Vol,  1 8  (1959) ,  p .  59. 

P o r c i u n c u l a ,  C. I , ,  C .  E, Rapela ,  H .  D .  Green, E ~ o l e  of a  Sampling S i t e  
Mixer i n  I n d i c a t o r  Concen t ra t ion  S t u d i e s  of T, Q, and Q"; The 

, Vol,  LO (1967) ,  p .  281. 

"Symposium on Use of I n d i c a t o r - D i l u t i o n  Techniclues i n  t h e  Study of t h e  
C i r c u l a t i o n " ,  C i r c u l a t i o n  Research,  Vol.  X ,  No. 3 ,  P a r t  2 (March, 
1 9 6 2 ) ,  
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Problem S t a t e m e n t s  P r e p a r e d  Dur ing  t h e  P e r i o d  
March 15,  1970 ,  t o  September  30 ,  1970 
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Problem Sta tements  Prepared  During t h e  Per iod  
March 1 5 ,  1970, t o  September 30, 1970 

This  appendix c o n t a i n s  problem s t a t e m e n t s  f o r  t h o s e  problems a c c e p t e d  
d u r i n g  t h i s  r e p o r t i n g  p e r i o d  w i t h  t h e  e x c e p t i o n s  of UNCD-28 and UNCD-29 
which have n o t  y e t  had problem s t a t e m e n t s  p r e p a r e d  and w i t h  t h e  e x c e p t i o n s  
CP-5, CP-6, Du-72, and WF-92 which were c i r c u l a t e d  t o  NASA F i e l d  C e n t e r s  
and a r e  p r e s e n t e d  i n  Appendix C .  I n  a d d i t i o n ,  a problem s t a t e m e n t  i s  
p r e s e n t e d  f o r  NCI-8 which was r e p o r t e d  a s  a c c e p t e d  w i t h o u t  a problem 
s t a t e m e n t  d u r i n g  t h e  p rev ious  r e p o r t i n g  p e r i o d .  



" D e t e m i n a t i o n  of R e l a t i o n s h i p s  Between V i b r a t o r y  
P r o p e r t i e s  and S t r e n g t h  of Bones" 

What i s  Needed 

D i g i t a l  computer t echn iques  f o r  modeling t h e  v i b r a t o r y  p r o p e r t i e s  o f  
bones .  

As a  non invas ive  i n  v i v o  t echn ique  t o  d e t e c t  o s t e o p o r o s i s ,  a  bone 
d i s e a s e  of major importance,  t h e  i n v e s t i g a t o r  measures t r a n s v e r s e  
v i b r a t i o n  r e s o n a n t  f r e q u e n c i e s  i n  a  p a t i e n t ' s  u l n a  ( i n n e r  forearm 
bone) .  A s i m p l e  model f o r  t h e  v i b r a t o r y  b e h a v i o r  i s  i m p o s s i b l e  s i n c e  
bones a r e  i r r e g u l a r l y  shaped,  inhomogeneous and a n i s o t r o p i c ,  b u t  t h e r e  
i s  e m p i r i c a l  c o r r e l a t i o n  of t h e  exper imenta l  r e s u l t s  w i t h  s k e l e t a l  
c o n d i t i o n .  To f u r t h e r  develop methods f o r  o b j e c t i v e  d e t e r m i n a t i o n  of 
bone s t a t u s ,  computer modeling of bone b e h a v i o r  would b e  extremely 
v a l u a b l e .  NASA computer methods f o r  modeling dynamic p r o p e r t i e s  of 
i r r e g u l a r  beams may b e  a p p l i c a b l e  t o  t h i s  i m p o r t a n t  problem i n  o r tho-  
p e d i c s ,  

A s  i n p u t ,  t h e  i n v e s t i g a t o r  can supp ly  a  v a r i e t y  of p h y s i o l o g i c a l  and 
e n g i n e e r i n g  d a t a .  The o b j e c t i v e  is  t o  model t h e  t r a n s v e r s e  v i b r a t i o n  
r e s o n a n t  f r e q u e n c i e s  of bones and de te rmine  how t h e  f r e q u e n c i e s  change 
a s  t h e  bone paramete rs  of i n t e r e s t  a r e  v a r i e d .  I t  would b e  d e s i r a b l e  
t o  run  t h i s  problem a t  a NASA c e n t e r  r a t h e r  t h a n  t r y  t o  t r a n s f e r  t h e  
a p p r o p r i a t e  computer programs t o  t h e  i n v e s t i g a t o r ' s  own i n s t i t u t i o n .  

Other  Comments 

The RTI BATeam h a s  been look ing  f o r  a b iomedica l  r e s e a r c h e r  i n t e r e s t e d  
i n  u s i n g  NASTMN, t h e  NASA S t r u c t u r a l  A n a l y s i s  Program, f o r  b iomechan ica l  
problems, D r ,  J u r i s t ' s  problem may b e  a p p r o p r i a t e  f o r  NASTRAN, o r  t h e r e  
may b e  o t h e r  s u i t a b l e  computer programs w i t h i n  NASA. 

Problem S t a t u s  

The problem d e f i n i t i o n  i s  completed.  A copy of an  e a r l i e r  computer 
s e a r c h  oil computer a n a l y s i s  of s t r t l c t u r e s  was g i v e n  t o  t h e  problem 
o r i g i n a t o r ,  and a p r e l i m i n a r y  copy of  a NASTMN T h e o r e t i c a l  Planuat was 
loaned t o  h im,  A computer search on mansverse  v i b r a t i o n s  u f  i r r e g u l a r  
bc2-7ms i s  h e k g  crlrn,. 
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P p ' Q B L E b f  S T A T E M E N T  

"Tes t ing  o f  Neuropathic  P a t i e n t s "  

What i s  Needed 

A means of q u a n t i t a t i v e l y  de te rmin ing  t h e  d e g r e e  t o  which p a t i e n t s  can 
e x e r c i s e  v o l u n t a r y  c o n t r o l  o v e r  t h e i r  muscles .  

Many peop le  s u f f e r  neurornuscular d i s o r d e r s  which r e s u l t  i n  t h e  l o s s  o r  
i ~ p a i r m e n t  of muscular  c o n t r o l .  The c a u s e  of t h e s e  d i s o r d e r s  is  damage 
t o  t h e  nervous sys tem which c o n t r o l s  t h e  muscu la tu re .  One symptom of 
t h i s  d i s o r d e r  i s  u n c o n t r o l l a b l e  c o n t r a c t i o n  and r e l a x a t i o n  of muscles ,  

Modern t h e r a p e u t i c  t r e a t m e n t  a l lows  many thousands of p a t i e n t s  t o  improve 
t h e  degree  t o  which they can e x e r c i s e  v o l u n t a r y  c o n t r o l  o v e r  t h e i r  
muscles and,  t h e r e f o r e  assume a  more a c t i v e  and u s e f u l  r o l e  i n  s o c i e t y .  
T h e r a p e u t i c  t r e a t m e n t ,  however, i s  p r e s e n t l y  hampered by t h e  d i f f i c u l t y  
of measuring t h e  improvement t h a t  i n d i v i d u a l  p a t i e n t s  make d u r i n g  t h e  
c o u r s e  o f  t h e r a p y .  A s  a n  example of a  c u r r e n t l y  employed t e c h n i q u e  f o r  
measur ing a  p a t i e n t ' s  p r o g r e s s ,  t h e  p a t i e n t  i s  p r e s e n t e d  w i t h  a  drawing 
of a t h i n - l i n e d  g e o m e t r i c a l  p a t t e r n  and i s  asked t o  t r a c e  t h e  p a t t e r n  
w i t h  a  p e n c i l .  From t h i s  exper iment ,  one can make a  s u b j e c t i v e  judgment 
r e g a r d i n g  t h e  d e g r e e  t o  which a  p a t i e n t  i s  a b l e  t o  c o n t r o l  t h e  movements 
of h i s  hand. A more q u a n t i t a t i v e  measurement o f  a  p a t i e n t ' s  p r o g r e s s  
would l e a d  t o  r e f i n e d  t h e r a p e u t i c  t e c h n i q u e s  which,  i n  t u r n ,  should  
b r i n g  abou t  more r a p i d  and more complete  recovery f o r  t h e  many p a t i e n t s  
s u f f e r i n g  from neuromuscular d i s o r d e r s .  

C o n s t r a i n t s  and S p e c i f i c a t i o n s  

Any d e v i c e  t o  b e  h e l d  i n  t h e  hand o r  a t t a c h e d  t o  a  limb shou ld  be  o f  
minimurn w e i g h t ,  Fur thermore,  any i n s t r u m e n t  used by t h e  p a t i e n t  must 
r e q u i r e  l i t t l e  o r  no t r a i n i n g  p e r i o d ,  The wide range  of performance 
from p a t i e n t  t o  p a t i e n t  makes t h e  s p e c i f i c a t i o n  o f  t h e  r e q u i r e d  p r e c i s i o n  
d i f f i c u l t ;  v a r i o u s  p r e c i s i o n  c a t e g o r i e s  shou ld  b e  c o n s i d e r e d ,  

Other  Comments 

Rf_thougl~ t h e  pr imary o b j e c t i v e  is  t o  ~ n e a s u r e  t h e  degree  t o  which an 
i r id ividuaf  can  move a l i m b  i n  a p r e s c r i b e d  manner, a measurement of: 
the r a t e  of anoirement is des i rab le  i f  i t  can b e  made compatible w i  tll 
t h e  p r imary  q b j e c t t v e ,  



Prob lem S t a t u s  
----A-w 

L i t e r a t u r e  search i n i t i a t e d .  

For F u r t h e r  In format ion  Contac t  

Edward W .  Page 
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  Park,  N .  C .  27709 
(919) 549-8311, e x t .  531 



MTL/Dli-75 
September 1970 

P R O B L E M  S T A T E M E N T  

" E p i c a r d i a l  E l e c t r o d e s "  

What is  Needed 

A method f o r  q u i c k l y  a t t a c h i n g  m u l t i p l e  e l e c t r o d e s  t o  t h e  h e a r t  w a l l  
t o  b e  used i n  b a s i c  h e a r t  r e s e a r c h .  

Background 

The p r i n c i p a l  t o o l  i n  d iagnos ing  h e a r t  d i s e a s e  i s  t h e  e l e c t r o c a r d i o g r a m  
(EKG), Th is  c o n s i s t s  of measuring p o t e n t i a l s  a t  t h e  c h e s t  s u r f a c e  which 
a r e  g e n e r a t e d  by h e a r t  a c t i o n .  A more meaningful ,  b u t  more dangerous 
and d i f f i c u l t  measurement, would b e  a t  t h e  e p i c a r d i a l  s u r f a c e .  I f  
c o r r e l a t i o n s  could  b e  drawn between e p i c a r d i a l  and c o n v e n t i o n a l  E K G ' s ,  
a  more a c c u r a t e  i n t e r p r e t a t i o n  of c o n v e n t i o n a l  EKG d a t a  would b e  p o s s i b l e .  
The r e s e a r c h e r  i s  making t h e s e  s t u d i e s  i n  an  ongoing program, b u t  e l e c -  
t r o d e  placement on t h e  e p i c a r d i a l  s u r f a c e  i s  a problem. 

C o n s t r a i n t s  and S p e c i f i c a t i o n s  

A method f o r  q u i c k l y  a t t a c h i n g  40 e l e c t r o d e s  t o  t h e  a t r i a l  s u r f a c e  
i s  r e q u i r e d .  The e l e c t r o d e s  must occupy a n  a r e a  n o t  g r e a t e r  t h a n  1 mm. 
They w i l l  b e  a t t a c h e d  d u r i n g  open c h e s t  s u r g e r y  and must b e  c a p a b l e  of 
remaining implanted f o r  s e v e r a l  weeks. 

Other  Comments 

T h i s  problem h a s  some s i m i l a r i t y  t o  problem DU-46, b u t  t h e  d e t a i l e d  
requ i rements  a r e  q u i t e  d i f f e r e n t  s i n c e  DU-46 invo lved  pacemaker e l e c -  
t r o d e s  which were a t t a c h e d  w i t h o u t  s u r g e r y .  

Problem S t a t u s  

The problem h a s  been d e f i n e d .  

For  F u r t h e r  In format ion  Contac t  

F ,  T ,  Wooten, Ph,D,  
Research T r i a n g l e  I n s t i t u t e  
P, 0, Box 12294 
Research T r i a n g l e  P a r k ,  N, C ,  27709 
(919) 549 -8311 ,  e x t .  368 



ICfI/LRM-25 
May 1970 

P R O B L E M  S T A T E M E N T  

"Small B a t t e r y  Operated S u c t i o n  Pump" 

What i s  Needed 

A s m a l l  b a t t e r y - o p e r a t e d  s u c t i o n  pump. 

ound 

The r e s e a r c h e r  is  d e s i g n i n g  a  sys tem t o  b e  used i n  c a s e s  of female  
i n c o n t i n e n c e .  B r i e f l y ,  a  s e n s o r  i n  a  s p e c i a l l y  des igned  f i t t i n g  which 
i s  i n  c o n t a c t  w i t h  t h e  female  u r e t h r a  i s  used t o  d e t e c t  t h e  p r e s e n c e  
o f  u r i n e .  P resence  of u r i n e  causes  t h e  s e n s o r  t o  t u r n  on t h e  b a t t e r y -  
o p e r a t e d  pump which pumps t h e  u r i n e  from t h e  f i t t i n g  t o  a  c o l l e c t i o n  bag.  

C o n s t r a i n t s  and S p e c i f i c a t i o n s  

Pump must b e  s m a l l ;  less t h a n  one pound and n o t  s i g n i f i c a n t l y  l a r g e r  
t h a n  8 c u b i c  i n c h e s .  The u n i t  must b e  b a t t e r y  o p e r a t e d ,  Flow-rate  
averag ing  l e s s  t h a n  25 ml/second i s  a c c e p t a b l e .  

Problem S t a t u s  

S e v e r a l  u n i t s  have been i d e n t i f i e d  and t h e  r e s e a r c h e r  i s  e v a l u a t i n g  
s p e c i f i c a t i o n s ,  

For  F u r t h e r  In format ion  Contac t  

E r n e s t  H a r r i s o n ,  Jr .  
Research T r i a n g l e  I n s t i t u t e  
P ,  0 .  Box 12194 
Research T r i a n g l e  Park ,  N. C .  27709 
(919) 549-8311, ex t ,  376 



"Motor f o r  Po\<?erLng P r o s t h e t i c  U n i t i '  

What is  Needed ----- 

A s m a l l ,  powerful  motor tjhich can be used t o  a c t i v a t s  a  s p e c i a l i z e d  
p r o s  t h e t i c  1 imb . 

The r e s e a r c h e r  is working w i t h  a  young boy forrr y e a r s  o l d  who was borLl 
w i t h o u t  l e g s  arid arnis, Wirl-i p r o s t h e s e s  and i i r t e n s i v e  ~ ~ a i i l i n g  t h e  boy 
cou ld  s t a n d  up and walk independent ly  a ;  a n  age  o f  19 months, He i s  
now u s i n g  bo th  l e g s  and arms p r o s t h e s e s ,  I n  a d d i ~ i o n  t o  wa lk ing ,  h e  can  
e a t ,  d r i n k ,  and drabd us lng  h i s  p ~ a s t h e s e s ,  

'The b a s i c  problem is  t o  d e s i g n  a  p r o s t h e s i s  c h a t  w i l i  p e n n i t  t h e  boy 
t o  go up and down s t a i r s ,  The r e s e a r c h e r  h a s  c o n t a c r e d  many s p e c i a l i z e d  
p r o s t h e t i c s  and r e h a b i l i t a t i o n  c e n t e r s  b o i h  i n  Europe and t h e  Uni ted  
S t a t e s .  U n f o r t u n a t e l y ,  l i t t l e  p r a c t i c a l  e x p e r i e n c e  i s  a v a i l a b l e  t o  draw 
upon i n  t h e  r e h a b i l i t a t i o n  of one s o  s e v e r e l y  handicapped,  The re- 
s e a r c h e r  h a s  evolved a  d e s i g n  i n  which t h e  p r o s t h e t i c  l e g s  can  b e  made 
t o  t e l e s c o p e  by means of a  d r i v e  motor i n  t h e  l e g .  Such a  t e l e s c o p i n g  
p r o s t h e s i s  would a l l o w  one of t h e  l e g s  t o  be  lengthened t o  t h e  h e i g h t  
of t h e  s t a i r  t r e a d  s o  t h a t  t h e  o t h e r  f o o t  could  b e  p laced  on t h e  n e x t  
s t e p .  The boy would t h e n  t r a n s f e r  h i s  we igh t  t o  t h e  upper l e g ,  and t h e  
extended l e g  would b e  s h o r t e n e d  t o  t h e  p r o p e r  h e i g h t  t o  pe rmi t  him t o  
s t a n d  on t h e  l e v e l  w i t h  b o t h  f e e t  a n  t h e  upper s t a i r  t r e a d ,  The p r o c e s s  
would t h e n  b e  r e p e a t e d ,  t h u s  a l lowing  t h e  boy t o  t r a v e r s e  t h e  s t a i r s ,  

The b a s i c  problem i n  t h e  d e s i g n  i s  t o  l o c a t e  a  motor t h a t  i s  s m a l l  and 
l i g h t w e i g h t  enough t o  f i t  i n t o  t h e  p r o s t h e t i c  l e g  w h i l e  a t  t h e  same t ime  
powerful  enough t o  l i f t  t h e  enrr i re  we igh t  of t h e  boy, Nard and f a s t  
s p e c i f i c a t i o i i s  on t h e  motor performance a r e  somewhat d i f f i c u l t  t o  a s s i g n ,  
A s  a  r e s u l t ,  i n f o r m a t i o n  o n  t h e  s m a l l e s t  and most l i g h t w e i g h t  motors 
t h a t  can b e  o b t a i n e d  and which can p r o v i d e  t h e  power t o  l i f t  approxi-  
mate ly  50 pounds f o r  a  d i s t a n c e  of e i g h t - t o - t e n  i n c h e s  w i t h i n  a  t ime  s p a n  
o f  f i v e - t o - t e n  seconds  is  d e s j  r e d ,  

e - - - . -..=,-.: o r r s ~ r d ~ n t s  and  5&ecificatfons - ----. ------- 

S i z e  and Ide igh t  are the pri.mary c o r i s t r a i r r f s j  i;rr;videLj that t h e  m r ; t g r  

can produce s u f f i c i e n t  power, Because t h e  final design of t h e  p r o s t h e s i s  
w i l l .  b e  determined by moto r ,  we Fresitaate to assigr-i s m-Lnirnu1-n s i z e  and 
w e i  yht-  Ra.%:her, t h e  i;nial.!~esr, most .I igl-i&ie-Sig-ht motoi-s w i t h  adt.qria%e 
power w h i c h  can  he ider1tifLed w i l l  be c o n s i d e r e d ,  Ifl~err this has been 



e s t d b ! i ~ l ~ e d ,  stud~es "ill he raarie t3 derzr~i i r re  w h s t f i ~ r  t he  ephosthesis 
d e s i g n  parameters can b e  m o d i f i e d  s u f i i c i e x ~ i r l y  Lo p e r m i t  tmplernentation 
of a p r o s t h e s i s  which tile boy can e f f e c t i v e l y  u s e ,  

Problem S t a t u s  

A manual s e a r c h  of t h e  ae rospace  l i t e r a t u r e  h a s  been i n i t i a t e d .  I n  
a d d i t i o n  an  a u t h o r i t y  on s m a l l  motors  a t  Duke U n i v e r s i t y  h a s  been con- 
s u l t e d ,  H e  adv i sed  us  t h a t  b r u s h l e s s  d . c .  motors des igned under  NASA 
c o n t r a c t  by S p e r r y  Marine Systems D i v i s i o n  t o  p r o v i d e  mot ive  power i n  
p o s i t i o n i n g  s a t e l l i t e  s o l a r  p a n e l s  and u n f u r l i n g  an tennas  is  t h e  most 
l i k e l y  t o  f i t  t h i s  p a r t i c u l a r  a p p l i c a t i o n .  In format ion  on t h e  motors 
h a s  been o b t a i n e d  from S p e r r y ,  and p r e l i m i n a r y  e v a l u a t i o n s  i n d i c a t e  t h a t  
t h e s e  d , c ,  b r u s h l e s s  motors a r e  p o t e n t i a l l y  c a p a b l e  o f  f u l f i l l i n g  t h e  
mot ive  f u n c t i o n  i n  t h i s  p r o s t h e t i c  a p p l i c a t i o n .  

For  F u r t h e r  In format ion  Contact  

E r n e s t  H a r r i s o n ,  Jr . 
Research T r i a n g l e  I n s t i t u t e  
P. 0 .  Box 12194 
Research T r i a n g l e  Park ,  N. C .  27709 
(919) 549-8311, e x t .  376 



KT1 /liiCL-8 
A p r i l  1970 

P R O B L E M  S T A T E M E N T  

" E l l i p t i c a l  Lens" 

What is Needed 

Procedures  f o r  g r i n d i n g  e l l i p t i c a l  l e n s  t o  b e  used i n  b a s i c  r e s e a r c h  
on c h a r a c t e r i s t i c s  of human c e l l s .  

I n  many advanced medical  r e s e a r c h  s t u d i e s  ( e . g . ,  cancer  s t u d i e s ) ,  t h e  
b a s i c  u n i t  s t u d y  i s  t h e  human c e l l .  A s  medica l  s c i e n c e  h a s  demanded more 
i n f o r m a t i o n  on c e l l u l a r  a c t i v i t i e s ,  technology h a s  f r e q u e n t l y  played a  
c r i t i c a l  r o l e  i n  e x t r a c t i n g  t h e  i n f o r m a t i o n  from r e g i o n s  w i t h i n  each c e l l .  

An e x c e l l e n t  example of t h i s  f a c t  i s  a  s t u d y  be ing  conducted by t h e  
N a t i o n a l  I n s t i t u t e s  of H e a l t h  i n  which an  o p t i c a l  microscope i s  c o n t r o l l e d  
by a d i g i t a l  computer i n  o r d e r  t o  g e t  q u a n t i t a t i v e  mic rospec t rophotomet r ic  
h i s t o c h e m i c a l  d a t a .  This  s t u d y  could  n o t  b e  conducted o t h e r w i s e  because  
of t h e  l i m i t a t i o n s  of t h e  human eye  a s  a  c o l o r i m e t e r .  I n  a d d i t i o n ,  t h i s  
same system can b e  used t o  o b t a i n  three-dimensional  m i c r o a r c h i t e c t u r e  of 
human t i s s u e  , 

Although t h i s  s t u d y  h a s  been underway f o r  some t i m e ,  a  d i f f i c u l t y  h a s  
been encountered i n  o b t a i n i n g  s u f f i c i e n t  l i g h t  i n t e n s i t y  from t h e  mono- 
chromator  which i s  focused on t h e  specimen. The l i g h t  s o u r c e  h a s  been 
i n c r e a s e d  i n  i n t e n s i t y  t o  t h e  maximum p o s s i b l e .  

One p o s s i b l e  s o l u t i o n  i s  t o  u s e  an  e l l i p t i c a l  l e n s  between t h e  mono- 
chromator and t h e  specimen which w i l l  make more e f f i c i e n t  u s e  of t h e  
a v a i l a b l e  l i g h t ,  

This  improvement i n  e f f i c i e n c y  r e s u l t s  because  a n  e l l i p t i c a l  l e n s  con- 
v e r t s  t h e  r e c t a n g u l a r  beam of l i g h t  from t h e  monochromator t o  a inore 
c i r c u l a r  shape ;  t h u s ,  more o f  t h e  monochromator o u t p u t  i s  focused on t h e  
sample.  The r e s e a r c h e r s  have been unable  t o  l o c a t e  a commercial s o u r c e  
f o r  t h e  d e s i r e d  l e n s ,  The N a t i o n a l  Bureau o f  S tandards  O p t i c a l  Shop h a s  
i n d i c a t e d  a  w i l l i n g n e s s  t o  g r i n d  t h e  l e n s  i f  p rocedures  f o r  g r i n d i n g  e l l - ip -  
t i c a l  l e n s  can b e  o b t a i n e d ,  

C o n s t r a i n t s  and 

'fin~o c i r i - t d a r  60 rnillimtter diameter l e n s  are required, One lens tias a 
f o ~ a l  ler igbh i n  tire x direction of 150 milfi~rteters and foca l  length in the 
y dirc,cfii-ii i  of" 40 ili;T I i i i i i - i  er5. Tlit- ~ e ~ o r i i :  lens I-ids a fucdE Length i r i  "Lte 



x dacectxon c ~ i  nii~cics  "sU iiirilirilerers and a k o c a l  length i n  the y d i r e c t i o n  
of 50 nailIlrrictet-s. 'l'he walrelength of L i g h t  used varies from 2 2 0  t o  700 
narioineters . 
For F u r t h e r ~ o r m a t i o n  Contac t  

F ,  T ,  Wooten, Pk ,D,  
Research T r i a n g l e  I n s t i t u t e  
P ,  0 .  Box 12194 
Research T r i a n g l e  Park ,  N. C .  27709 
(919) 549-8311, e x t .  368 



P K O k 3 L # E M  S T A T E M E N T  

"Improved Emulsion f o r  Antoradiography" 

What i s  Needed 

A f a s t e r  o r  more e a s i l y  exposed emulsion f o r  b e t a  r a y s  t o  b e  used i n  
c l i n i c a l  cancer  s t u d i e s .  

The s t u d y  of caricer i n  exper imenta l  animals  can b e  f a c i l i t a t e d  by 
l a b e l i n g  t h e  c e l l s  w i t h  r a d i o a c t i v e  t r i t i u m ;  s i n c e  t h e  t r i t i u m  
a t t a c h e s  i t s e l f  t o  t h e  DNA molecule ,  t h e  d i v i s i o n  of t h e  tumor c e l l  
produces new l a b e l e d  c e l l s .  A p r o c e s s ,  c a l l e d  au to rad iography ,  d e t e c t s  
a  r a d i o a c t i v e  c e l l  by p l a c i n g  a  f i l m  of pho tograph ic  emuls ion over  t h e  
c e l l  and exposing t h e  emuls ion by t h e  r a d i o a c t i v i t y .  E x i s t i n g  emul- 
s i o n s  r e q u i r e  an exposure  t i m e  on t h e  o r d e r  of months. I f  a  much 
f a s t e r  f i l m  can b e  developed,  t h i s  t echn ique  can b e  used c l i n i c a l l y  
i n  fo l lowing  t h e  p r o g r e s s  of human c a n c e r s .  T h i s  w i l l  p r o v i d e  a  
v a l u a b l e  new t e c h n i q u e  i n  t h e  f i g h t  a g a i n s t  human c a n c e r .  

The new emulsion shou ld  have a g r a i n  s i z e  of 0 . 1  - 0 . 4  microns and 
have a  s e n s i t i v i t y  g r e a t e r  t h a n  t h a t  of Kodak NTB-3 o r  Gevaert  NVC-715 
which have a s e n s i t i v i t y  o f  abou t  1 . 5  g r a i n  c o u n t / u n i t  a r e a / i s o t o p e  
c o n t e n t  of specimen. 

Problem S t a t u s  

A computer s e a r c h  h a s  been i n i t i a t e d .  

For  F u r t h e r  In format ion  Contac t  

E .  W e  Page 
Research T r i a n g l e  I n s t i t u t e  
P.  0 .  Box 12194 
Research T r i a n g l e  P a r k ,  N .  C .  27709 
(919) 549-8311, e x t .  531 



"Scanning Tumors i n  Small  Animals w i t h  Gallium-67" 

What i s  Needed 

A h igh  r e s o l u t i o n  r a d i a t i o n  d e t e c t o r  which i s  s e n s i t i v e  t o  Gallium-67 
and can b e  made s u i t a b l e  f o r  scanning t h e  e n t i r e  body of s m a l l  an imals .  

Gallium-67, a  r a d i o a c t i v e  i s o t o p e ,  p o s s e s s e s  a  s p e c i a l  p r o p e r t y :  
c o n c e n t r a t i n g  around v a r i o u s  types  of tumors when a d m i n i s t e r e d  o r a l l y  
o r  i n t r a v e n o u s l y  t o  a  p a t i e n t .  By scanning t h e  p a t i e n t  w i t h  an  
i n s t r u m e n t  which w i l l  d e t e c t  t h e  p resence  of r a d i o a c t i v e  s u b s t a n c e s ,  
t h e  l o c a t i o n  a s  w e l l  a s  t h e  r e l a t i v e  s i z e  of a tumor can b e  determined.  
C l i n i c a l  i n v e s t i g a t o r s  c u r r e n t l y  employ a  v a r i e t y  o f  d e t e c t o r s  which 
a r e  u s e f u l  i n  l o c a t i n g  l a r g e  tumors i n  humans b u t  a r e  r e l a t i v e l y  
i n e f f e c t i v e  where s m a l l  tumors a r e  concerned.  What i s  l a c k i n g  a t  
p r e s e n t  i s  a  h i g h  r e s o l u t i o n  r a d i a t i o n  d e t e c t o r  which is  s e n s i t i v e  
t o  Gallium-67 and can b e  made s u i t a b l e  f o r  scann ing  t h e  e n t i r e  bod ies  
of s m a l l  animals  ( e - g . ,  m i c e ) ,  Such a  d e t e c t o r  would o f f e r  a  unique 
o p p o r t u n i t y  t o  s t u d y  tumor growth i n  s m a l l  animals  on a  day-to-day 
b a s i s  which w i l l  supp ly  much needed i n f o r m a t i o n  i n  t h e  s e a r c h  f o r  drugs  
t o  i n h i b i t  o r  r e t a r d  tumor growth.  

Problem S t a t u s  

A computer s e a r c h  has  been i n i t i a t e d .  

For  F u r t h e r  In format ion  Contac t  

E .  W ,  Page 
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  Park ,  N. C ,  27709 
(919) 549-8311, e x t ,  531 
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P R O B L E M  S T A T E M E N T  

"Depth ot Field o t  Mrcroscope Ob j ectrves'" 

What is  Needed 

A method f o r  measuring dep th  o f  f o c u s  o r  dep th  of f i e l d  f o r  microscope 
o b j e c t i v e s  t o  b e  used i n  b a s i c  cancer  r e s e a r c h .  

B a s i c  medical  s c i e n c e  r e q u i r e s  more i n f o r m a t i o n  on c e l l u l a r  a c t i v i t i e s ;  
technology p l a y s  a  c r i t i c a l  r o l e  i n  e x t r a c t i n g  t h i s  i n f o r m a t i o n .  A t  t h e  
N a t i o n a l  Cancer I n s t i t u t e  an  o p t i c a l  microscope i s  be ing  used t o  o b t a i n  
q u a n t i t a t i v e  mic rospec t rophotomet r ic  h i s t o c h e m i c a l  d a t a ,  T h i s  s t u d y  h a s  
been underway f o r  some t ime ,  b u t  e f f o r t s  t o  o b t a i n  optimum system per-  
formance have been hampered by t h e  i n a b i l i t y  t o  measure t h e  dep th  of 
f o c u s  of t h e  microscope o b j e c t i v e  w i t h  s u f f i c i e n t  p r e c i s i o n ,  

A method f o r  measur ing dep th  of f i e l d  of l e n s  w i t h  f o c a l  Lengths of 
0 . 5  - 25 mm. i s  r e q u i r e d  w i t h  an  accuracy of + 2 % .  

Problem S t a t u s  

A  l i t e r a t u r e  s e a r c h  h a s  been i n i t i a t e d .  

For  F u r t h e r  In format ion  Contac t  

F. T,  Wooten, Ph,D. 
Research T r i a n g l e  I n s t i t u t e  
P ,  0 ,  Box 12194 
Research T r i a n g l e  P a r k ,  N ,  C .  27709 
(919) 549-8311, e x t .  368 



P R O B L E M  S T A T E M E N T  

'% S p e c i a l  Purpose ,  A d j u s t a b l e ,  Wheel Cha i r  Armrest" 

What i s  Needed - 

A  s p e c i a l  a r m r e s t  which can b e  a d j u s t e d  t o  pe rmi t  p r o p e r  placement of 
t h e  r i g h t  arm of a  wheel c h a i r  p a t i e n t  s o  t h a t  h e  can  o p e r a t e  a  Morse 
code key.  

A p a t i e n t  be ing  a ided  by the North C a r o l i n a  D i v i s i o n  of V o c a t i o r ~ a l  
R e h a b i l i t a t i o n  is physical l -y  d i s a b l e d  and i s  a lmost  w i t h o u t  muscular  
c o n t r o l .  S i n c e  h e  i s  a  w r i t e r ,  comnunication i s  very  i m p o r t a n t ,  He 
does n o t  have  s u f f i c i e n r  muscular  c o n t r o l  t o  w r i t e ,  t y p e ,  o r  speak 
e f f e c t i v e l y .  To permit  t h i s  p a t i e n t  t o  communicate, NCVR i s  sponsor ing  
t h e  development of a Morse code- typewr i te r  convers ion  u n i t  which w i l l  
e n a b l e  t h e  p a t i e n t  t o  t y p e  on a n  e l e c t r i c  t y p e w r i t e r  u s i n g  a Morse code 
key.  The p a t i e n t  i s  conf ined  t o  a  wheel c h a i r ,  and because  o f  a  s p a s t i c  
c o n d i t i o n  i t  is  extremely d i f f i c u l t  us ing  "convent ional"  a r m r e s t s  f o r  
t h e  p a t i e n t  t o  o p e r a t e  t h e  key comfor tably .  

An a d j u s t a b l e  arm s u p p o r t  s t r u c t u r e  t h a t  can be  f i t t e d  t o  a  wheel c h a i r  
i s  d e s i r e d ,  The arm s u p p o r t  shou ld  completely s u p p o r t  t h e  arm s o  t h a t  
t h e  p a t i e n t  can  c o n c e n t r a t e  on o p e r a t i n g  t h e  l fo r se  code key.  It must b e  
a d j u s t a b l e  t o  permit  movement s o  t h a t  t h e  optimum p o s i t i o n i n g  of t h e  a r m  
and t h e  Morse code key can b e  exper imenta l ly  de te rmined ,  In format ion  on 
a n  e x i s t i n g  d e s i g n  o r  c o n f i g u r a t i o n  i s  d e s i r e d  s o  t h a t  t h e  r e s e a r c h e r  w i l l  
n o t  b e  f o r c e d  t o  d e s i g n  an  a r m r e s t  e s s e n t i a l l y  from " s c r a t c h " ,  

Problem S t a t u s  

Problem i d e n t i f i c a t i o n  complete ,  A s  a  r e s u l t  of BATeam work a t  t h e  
I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine ,  t h e  BATeam member was aware of 
s p e c i a l  a r m r e s t s  which have been employed f o r  s i m i l a r  purposes  a t  t h e  
I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine.  In format ion  on t h e s e  a r m r e s t s  
h a s  been o b t a i n e d  from IRM and h a s  been g i v e n  t o  t h e  r e s e a r c h e r  f o r  
e v a l u a t i o n ,  

For Frnrrher In format ion  Contac t  

E r n e s t  Harrison, J r ,  
Researcl-i T r i a n g i e  Lr i s t i tu te  
P,  0. Box 1 2 1 9 4  
Reseaich T r i a n g l e  Pdrk  , ;u'- C, 27709 
(919) 549-8311, ex t ,  376 



A means of measuring p r e s s u r e s  w i t h i n  t h e  h e a r t  muscle ,  

Myocardia l  i n f a r c t i o n  is  a damaged o r  dead a r e a  of t h e  h e a r t  muscle  
r e s u l t i n g  from a  r e d u c t i o n  i n  t h e  b lood  supp ly  reach ing  t h a t  a r e a ,  
T h i s  c o n d i t i o n  can u s u a l l y  be  diagnosed by e l e c t r o c a r d i o g r a p h y ;  how- 
e v e r ,  t h e  p r e c i s e  Locat ion of t h e  a f f e c t e d  a r e a  i s  necessa ry  t o  a s s u r e  
t h e  s u c c e s s  of s u r g i c a l  p ~ o c e d u r e s  f o r  r e p a i r i n g  the i n j u r e d  musc le ,  

S i n c e  t h e  damaged o r  dead t i s s u e  r e s u l t s  i n  a  "weak a r e a "  of t h e  h e a r t  
muscle ,  i t  is expec ted  t h a t  a measurement o f  r h e  p r e s s u r e  s u s t a i n e d  
d u r i n g  t h e  contraction and s u c c e s s i v e  r e l a x a t i o n  of t h e  h e a r t  w i l l  
d i f f e r  from s i m i l a r  measarements made i n  u n a f f e c t e d  a r e a s ,  A p robe  
which cou ld  be  used t o  make p r e s s u r e  measurements w i t h i n  a  s m a l l  
r e g i o n  of muscle t i s s u e  would l e a d  t o  a  r e f i n e d  l o c a t i o n  of the a r e a  
which needs  t o  b e  removed by s u r g e r y .  Th is  would i n  t u r n  l e a d  t o  
improved s u r g i c a l  p rocedures  and,  t h e r e f o r e ,  t o  a  h i g h e r  p r o b a b i l i t y  
o f  s u c c e s s f u l  r ecovery  f o r  t h e  thousands of Americans who must undergo 
s u r g e r y  f o r  t h i s  d i s o r d e r  each y e a r .  

The p r e s s u r e  measuring d e v i c e  must be  r e s p o n s i v s  over che range  
1800-2200 mm. H g , / s e c ,  The r e q u i r e d  p r e c i s i o n  shou ld  b e  on t h e  o r d e r  
o f  L10 m, Hg, It is  f e l t  t h a t  t h e  probe must b e  i n s e r t e d  i n t o  t h e  
h e a r t  muscle ;  ii s o ,  i t  shou ld  b e  n e e d l e  shaped w i t h  a  d iamete r  on t h e  
o r d e r  of 20 - 30 mils, 

Frob lem S t a t u s  ------- 

A. computer s e a r c h  has been i n i t i a t e d ,  

For  E ' t ~ r t h e r  -. I n - f ~ u r n a t l ~  C o r i t a z  

E, W, Page 
Research T r f  angle  1 n r ; ~ i - i - u t e  
I?, 0, Box 121.94 
Research T r i a n g l e  Park ,  N, C, 27759 
(919) 549-Fi3l.1, exl, 531 



Y R O B L h M  S T A T E M E N T  

"Blood Embolism Detec t ion"  

What i s  Needed 

A method of d e t e c t i n g  etnbolisms i n  blood which occur  dur ing  open h e a r t  
s u r g e r y .  

Baclcground 

When open h e a r t  s u r g e r y  i s  conducted,  a  hear t - lung  machine i s  used t o  
p r o v i d e  t h e  oxygenated blood s u p p l y .  The e x i s t i n g  hear t - lung  machines 
can  produce gas  embolisms o r  t h e  s u r g e r y  can b r e a k  l o o s e  s m a l l  par-  
t i c l e s ,  e i t h e r  of which can s t o p  b lood  c i r c u l a t i o n  i f  lodged i n  a  
s m a l l  a r t e r y ,  I t  i s  e s t i m a t e d  t h a t  20% of open h e a r t  c a s e s  r e s u l t  i n  
a  n e u r o l o g i c a l  d e f i c i e n c y  ( r e d u c t i o n  i n  blood f low t o  t h e  b r a i n ) .  I f  
t h e  embolisms could  be  d e t e c t e d  i n  t h e  hear t - lung  machine,  c o r r e c t i v e  
a c t i o n  could  b e  t aken .  

C o n s t r a i n t s  and S p e c i f i c a t i o n s  

Because t h e  embolisms occur  d u r i n g  open c h e s t  s u r g e r y ,  a t t achment  of 
s e n s o r s  i s  e a s i l y  accomplished.  P a r t i c l e  s i z e s  a s  s m a l l  a s  1 micron 
s h o u l d  b e  d e t e c t e d  i n  t h e  o u t p u t  o f  t h e  hear t - lung  machine,  P a r t i c l e s  
can b e  g a s  o r  s o l i d ,  

Problem S t a t u s  

A computer s e a r c h  has  been s t a r t e d .  Personne l  a t  Ames Research Cente r  
have been c o n t a c t e d  regard ing  t h e i r  u l t r a s o n i c  b lood  f low d e t e c t o r  
which appears  a p p l i c a b l e .  

For  F u r t h e r  In format ion  Contact  

F ,  T,  Wooten, Ph,D. 
Research T r i a n g l e  I n s t i t u t e  
P. 0 ,  Box 12194 
Research T r i a n g l e  Park ,  N .  C, 27709 
(919) 549-8311, e x t ,  368 
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P R O R 1 , E M  S T A T E M E N T  

 one Dens i ty  ~ e a s u r e m e n t "  

What is  Needed 

A method of measuring bone d e n s i t y  i n  exper imenta l  animals  t o  b e  used 
i n  b a s i c  r e s e a r c h  on cancer .  

Neoplasms s e c r e t e  hormones which l e a c h  ca lc ium from t h e  bone.  Th is  
can produce hypercalcemia and can a l s o  p r o v i d e  a s i t e  i n  t h e  l eached  
bone f o r  cancerous  c e l l s .  A s  an  example, 20% of l u n g  c a n c e r  v i c t i m s  
and 40% of  b r e a s t  c a n c e r  v i c t i m s  have hypercalcemia.  Although hyper- 
ca lcemia  can b e  t r e a t e d ,  t h e  fundamental  c a u s e  of i t s  o c c u r r e n c e  i s  
unknown. I n  s t u d i e s  of exper imenta l  an imals ,  measurements of bone 
d e n s i t y  would b e  u s e f u l  i n  o r d e r  t o  f o l l o w  t h e  p r o g r e s s  of  demineral -  
i z a t i o n ,  

The t echn ique  w i l l  be  used on t h e  r a t  t i b i a  which is  3 cm. x 0 . 5  cm. 
i n  s i z e .  The t e c h n i q u e  shou ld  a l s o  i d e a l l y  b e  a p p l i c a b l e  t o  humans. 
Changes of bone d e n s i t y  a s  h i g h  a s  50% a r e  e x p e c t e d ,  and t h e  accuracy  
of d e t e c t i o n  shou ld  b e  +5%. P r e f e r a b l y  t h e  r a t  w i l l  n o t  b e  s a c r i f i c e d ,  
and r e p e a t e d  measurements w i l l  b e  made d u r i n g  a 1 4  week p e r i o d .  

Other  Comments 

The team sugges ted  i n d i r e c t  methods such a s  s t i f f n e s s  o r  h a r d n e s s  
measurement, D r .  R i c e  f e l t  t h a t  t h i s  might  b e  a good approach.  

Problem S t a t u s  

The o t h e r  BATeams a r e  be ing  c o n t a c t e d  t o  de te rmine  whether they  have a 
s i m i l a r  problem. I n  a d d i t i o n ,  t h i s  problem w i l l  b e  d i s c u s s e d  w i t h  t h e  
a p p r o p r i a t e  NDT p e o p l e  a t  MSFC d u r i n g  D r .  Wooten's v i s i t  on October  1, 
1970.  

For F u r t h e r  In format ion  Contact  

F. T,  Wooten, Ph,D. 
Research T r i a n g l e  I n s t i t u t e  
P. 0 ,  Box 12194 
Research T r i a n g l e  Park ,  N, C ,  27709 
(919) 549-8311, ext. 368 



""Tlernetry Sys tem f o r  Lmpedance Pneumography'" 

What i s  Needed 

A s m a l l  ana log  t e l e m e t r y  sys tem f o r  t r a n s m i t t i n g  t h e  o u t p u t  o f  a n  
impedance pneumograph t o  b e  used i n  s t u d i e s  o f  r e s p i r a t o r y  d i s e a s e s  
i n  c h i l d r e n .  

Background 

A p rev ious  problern (TU-2) concerned measuring r e s p i r a t i o n  rate i n  
c h i l d r e n .  Th is  problem h a s  been s o l v e d  u s i n g  a n  impedance pneumograph 
and t h e  r e s e a r c h e r  h a s  been a b l e  t o  o b t a i n  n o t  on ly  r a t e  b u t  i n s p i r a -  
t i o n  and e x p i r a t i o n  t i m e s  a s  w e l l .  I n  o r d e r  t h a t  t h e  pneumograph can 
b e  used on an  unencumbered c h i l d ,  a  s m a l l  t e l e m e t r y  sys tem is  r e q u i r e d .  

C o n s t r a i n t s  and S p e c i f i c a t i o n s  

The impedance pneumograph o u t p u t  v o l t a g e  is  + I 0  m i l l i v o l t s  w i t h  a n  
o u t p u t  impedance of f i v e  thousand ohms. The r e s p i r a t i o n  r a t e s  v a r y  
from 1 2  t o  80 b r e a t h s  p e r  minute .  Transmiss ion  range shou ld  b e  a  
maximum of 50 f e e t .  T r a n s m i t t e r  s i z e  shou ld  b e  less t h a n  one c u b i c  
i n c h  

Problem S t a t u s  

In format ion  i s  be ing  analyzed on t r a n s m i t t e r s  b u i l t  by Tom F r y e r  of 
Ames Research C e n t e r  

For  F u r t h e r  In format ion  Contac t  

P .  T. Wooten, Ph.D, 
Research T r i a n g l e  I n s t i t u t e  
P. 0 .  Box 12194 
Research T r i a n g l e  Park ,  N .  C .  27709 
(919) 549-8311, e x t .  368 



P k O B L E M  S T A T E M E N T  

"Human Voice Ana lys i s"  

What is  Needed 

Method f o r  q u a n t i z i n g  human v o i c e  c h a r a c t e r i s t i c s  t o  be  used i n  speech 
the rapy .  

Approximately 6-7% of  t h e  p o p u l a t i o n  is c o n s i d e r e d  t o  have speech  
d e f e c t s .  Therapy f o r  t h e s e  p a t i e n t s  i s  hampered by a l a c k  of a means 
of q u a n t i z i n g  t h e  changes i n  a v o i c e .  Speech c o n s i s t s  o f  a broad 
fundamental  f requency and many harmonies.  Small  s h i f t s  i n  fundamental  
f requency and ampl i tude  can c a u s e  l a r g e  changes i n  v o i c e  q u a l i t y .  

C o n s t r a i n t s  and S p e c i f i c a t i o n s  

Frequency spec t rum a n a l y s i s  must b e  a b l e  t o  d e t e c t  fundamental  f r e -  
quency (150-225 c p s )  t o  a p r e c i s i o n  of I cps  and ampl i tude  t 3  1 db 
accuracy.  Real  t ime  a n a l y s i s  is  n o t  r e q u i r e d  b u t  would b e  d 2 s i r a b l e .  
Ana lys i s  t echn iques  must i n c l u d e  t h e  harmonics.  

Problem S t a t u s  

A computer s e a r c h  h a s  begun. 

For F u r t h e r  I n f o r m a t i o n  Contac t  

F. T. Wooten, Ph.D. 
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  P a r k ,  N .  C .  27709 
(919) 549-8311, e x t .  368 



R'CI/TU-10 
May 1470 

P R O B L E M  S T A T E M E N T  

"Quant iza t ion  of Hear t  T i s s u e  Hardness" 

What is  Needed 

Method of measuring hardness  of h e a r t  t i s s u e  t o  b e  used i n  p a t h o l o g i c a l  
examinat ions  . 

C a r e f u l  a n a l y s i s  o f  t h e  hunian h e a r t  c o n d i t i o n  f o l l o w i n g  t h e  d e a t h  o f  a 
p a t i e n t  can d i s c l o s e  s i g n i f i c a n t  i n f o r m a t i o n  abou t  t h e  cause  of d e a t h .  
Fol lowing d e a t h  t h e  t i s s u e  hardness  changes i n  a p r o c e s s  c a l l e d  a u t o l y s i s .  
I n  o r d e r  t o  c a r e f u l l y  a n a l y z e  t h i s  p r o c e s s ,  a  s i m p l e  means o f  measur ing 
t h e  ha rdness  of t h e  h e a r t  s u r f a c e  is  r e q u i r e d .  The p h y s i c i a n  h a s  t r i e d  
c o n v e n t i o n a l  e y e  tonometers  b u t  found them t o  have  poor r e p r o d u c i b i l i t y .  

No u s e f u l  u n i t s  f o r  t h e  range  of h a r d n e s s  can b e  s u p p l i e d  b u t  t h e  hard-  
n e s s  i s  s i m i l a r  t o  a  s o f t  r u b b e r ,  The t e s t  must b e  f o r  an  a r e a  e q u a l  t o  
o r  l e s s  t h a n  one s q u a r e  m i l l i m e t e r .  

Problem S t a t u s  

A computer s e a r c h  of t h e  NASA l i t e r a t u r e  h a s  been s t a r t e d .  

For  F u r t h e r  In format ion  Contac t  

F. T. Wooten, Ph.D. 
Research T r i a n g l e  I n s t i t u t e  
P. 0 .  Box 12194 
Research T r i a n g l e  Park ,  N ,  C .  27709 
(919) 549-8311, e x t .  368 



P R O B L E M  S T A T E M E N T  

"ELectrodes f o r  Evoked Response S t u d i e s "  

What i s  Needed 

E l e c t r o d e s  f o r  deep b r a i n  s t i m u l a t i o n  t o  b e  used i n  b a s i c  n e u r o l o g i c a l  
s t u d i e s .  

B a s i c  n e u r o l o g i c a l  s t u d i e s  on s c h i z o p h r e n i a  a r e  c a r r i e d  o u t  by evoked 
response  s t u d i e s  ( i , e ,  s t i m u l a t i o n  a t  p o i n t  A and r e c o r d e d  r e s p o n s e  a t  
p o i n t  B ) ,  A need e x i s t s  i n  t h e s e  s t u d i e s  f o r  s t i n ~ u l a t i v e  e l e c t r o d e s  
which w i l l  be  p l a c e d  deep i n  t h e  b r a i n  and which w i l l  n o t  develop 
c o n t a c t  p o t e n t i a l  and c a p a c i t a n c e  e f f e c t s  a f t e r  l o n g  p e r i o d s  of implanta-  
t i o n .  S t a i n l e s s  s t e e l  and s i l v e r  have n o t  been s a t i s f a c t o r y .  

C o n s t r a i n t s  and S p e c i f i c a t i o n s  

The e l e c t r o d e  must b e  c a p a b l e  o f  h igh  c u r r e n t  d e n s i t i e s  and must b e  
made i n  s m a l l  e l e c t r o d e s  1 mm, i n  d iamete r .  

Problem S t a t u s  

A computer s e a r c h  of t h e  NASA d a t a  bank h a s  been made. 

For F u r t h e r  In format ion  Contac t  

F. T .  Wooten, Ph,D. 
Research T r i a n g l e  I n s t i t u t e  
P. 0 .  Box 12194 
Research T r i a n g l e  Park ,  N.  C .  27709 
(919) 549-8311, e x t .  368 



RTI/TU-13 
July 19 70 

P R O B L E M  S T A T E M E N T  

"Trace Ana lys i s  i n  Body F l u i d s "  

What is  Needed 

A method f o r  measuring t r a c e  e lements  i n  body f l u i d s .  

Background 

P r o s t h e t i c  d e v i c e s  a r e  wide ly  used i n  medicine  and c o n t i n u a l  improve- 
ments i n  m a t e r i a l s  a r e  needed. E v a l u a t i o n  of new m a t e r i a l s  i s  
p a r t i c u l a r l y  d i f f i c u l t  because  of t h e  u n c e r t a i n t y  a s  t o  whether  t h e  
body w i l l  absorb t r a c e  amounts o f  t h e  p r o s t h e t i c  m a t e r i a l .  I f  b e t t e r  
a n a l y s i s  t echn iques  a r e  a v a i l a b l e ,  t h e  e v a l u a t i o n  of new m a t e r i a l s  can  
b e  s i g n i f i c a n t l y  enhanced. 

C o n s t r a i n t s  and S p e c i f i c a t i o n s  

T r a c e  amounts of m a t e r i a l s  w i t h  a tomic number g r e a t e r  t h a n  1 4  a r e  
r e q u i r e d .  Ana lys i s  of body f l u i d s  such  a s  b lood ,  lymph, and u r i n e  
w i l l  b e  r e q u i r e d .  

Problem S t a t u s  

A computer s e a r c h  h a s  been i n i t i a t e d .  

For  F u r t h e r  In format ion  Contact  

F. T. Wooten, Ph.D, 
Research T r i a n g l e  I n s t i t u t e  
P ,  0 ,  Box 12194 
Research T r i a n g l e  Park ,  N ,  C .  27709 
(919) 549-8311, e x t .  368 



RT 1 /"IV--1 4 
J u l y  1970 

P R O B L E M  S T A T E M E N T  

"Lef t  V e n t r i c u l a r  Volume Measurement" 

What i s  Needed 

A new method f o r  measuring l e f t  v e n t r i c u l a r  volume. 

Background 

Diagnos i s  of h e a r t  t r o u b l e  i s  hampered by t h e  l a c k  of i n f o r m a t i o n  
a v a i l a b l e  on t h e  pumping c h a r a c t e r i s t i c s  of t h e  h e a r t .  The wide ly  
used EKG is a  secondary measurement, and primary i n f o r m a t i o n  would b e  
more v a l u a b l e .  E x i s t i n g  methods f o r  measuring l e f t  v e n t r i c u l a r  volume 
are t o o  s low o r  t o o  i n a c c u r a t e .  A new approach t o  t h e  problem i s  re- 
q u i r e d .  D r .  Burch, a l e a d i n g  c a r d i a c  a u t h o r i t y ,  e s t i m a t e s  t h a t  a  
u s e f u l  t echn ique  would have more impact  t h a n  t h e  d i s c o v e r y  of t h e  EKG. 

C o n s t r a i n t s  and S p e c i f i c a t i o n s  

The t y p i c a l  maximum l e f t  v e n t r i c u l a r  volume i s  200 c c  and t h e  volume 
change i s  about  70 cc .  A n o n i n v a s i v e  t echn ique  would b e  b e s t  a l though  
a s m a l l  c a t h e t e r  would b e  a c c e p t a b l e .  

Other '  Comments 

One p o s s i b l e  approach i s  mechanical  r esonance  i f  enough energy can b e  
s o n i c a l l y  coupled i n t o  t h e  h e a r t .  

Problem S t a t u s  

A computer s e a r c h  has  been i n i t i a t e d .  

For F u r t h e r  In format ion  Contac t  

F. T, Wooten, Ph.D, 
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  P a r k ,  N .  C .  27709 
(919) 549-8311, e x t .  368 



XTL/TI.J-=15 
July i970 

"Mater ia l  f o r  P r o s t h e t i c  S tapes"  

What is Needed 

An improved m a t e r i a l  f o r  p r o s t h e t i c  s t a p e s .  

The s t a p e s  i s  a  s t i r r u p - s h a p e d  bone i n  t h e  middle  e a r  which coup les  
sound from t h e  o u t e r  t o  t h e  i n n e r  e a r .  Many p a t i e n t s  l o s e  h e a r i n g  
because  of t h e  d e t e r i o r a t i o n  of t h e  s t a p e s .  Hearing can b e  r e g a i n e d  
by r e p l a c i n g  t h e  s t a p e s  w i t h  a  p r o s t h e t i c  m a t e r i a l .  U n f o r t u n a t e l y ,  
most work t o  d a t e  h a s  been  w i t h  e a s i l y  a v a i l a b l e  m a t e r i a l s  r a t h e r  t h a n  
m a t e r i a l s  des igned  f o r  coup l ing  sound. 

Materials t h a t  can b e  f a b r i c a t e d  i n  s m a l l  components a r e  needed. 
M a t e r i a l  c h a r a c t e r i s t i c s  of importance a r e  m a s s ,  d e n s i t y ,  p r o p a g a t i o n  
v e l o c i t y ,  and modulus of e l a s t i c i t y .  

Problem S t a t u s  

Problem d e f i n i t i o n  i s  n e a r l y  complete.  

For  F u r t h e r  In format ion  Contac t  

F .  T. Wooten, Ph.D. 
Research T r i a n g l e  I n s t i t u t e  
P ,  0 ,  Box 12194 
Research T r i a n g l e  Park ,  N. C .  27709 
(919) 549-8311, e x t .  368 



IP'TIITU-18 
September 1970 

"~mproved Photoconductor f o r  Xeroradiographyt '  

What is  Needed 

An improved photoconductor  t o  b e  used i n  xe rorad iography .  

Xeroradiography is a  t e c h n i q u e  f o r  r e c o r d i n g  an  X-ray image by a  
t o t a l l y  d ry  p r o c e s s  w i t h o u t  t h e  n e c e s s i t y  o f  a  darkroom. The powdered 
s u r f a c e  of an e l e c t r i c a l l y  charged photoconductor  p l a t e  r e c o r d s  t h e  
X-ray image, and a p r i n t  i s  made from t h i s  p l a t e .  The major  advan tage  
of t h i s  t e c h n i q u e  is  t h e  speed w i t h  which t h e  f i n i s h e d  image can  b e  
produced. The d i sadvan tage  i s  t h a t  s e l i n i u m ' s  photoconduct ing 
c h a r a c t e r i s t i c s  r e q u i r e  t o o  l a r g e  a  r a d i a t i o n  dose  f o r  many p a r t s  of 
t h e  body, 

C o n s t r a i n t s  and S v e c i f i c a t i o n s  

A photoconductor  w i t h  a n  improved r e s o l u t i o n  and quantum e f f i c i e n c y  
over  t h e  commonly used s e l i n i u m  i s  r e q u i r e d .  

Problem S t a t u s  

A computer s e a r c h  has  been i n i t i a t e d .  

For F u r t h e r  In format ion  Contact  

F.  T. Wooten, Ph,D. 
Research T r i a n g l e  I n s t i t u t e  
P. 0 ,  Box 12194 
Research T r i a n g l e  Park ,  N.  C ,  27709 
(919) 549-8311, e x t .  368 



P R O B L E M  S T A T E M E N T  

"Accurate Determinat ion of A r t e r i a l  P r e s s u r e  P u l s e  T r a n s i t  Time" 

What i s  Needed 

A more a c c u r a t e  method of de te rmin ing  t h e  t r a n s i t  t ime  of a r t e r i a l  
p r e s s u r e  p u l s e  t r a n s i t  t imes ,  

Background 

I n  t h e  a r t e r i a l  sys tem,  t h e  a r t e r i a l  p r e s s u r e  i s  a  f u n c t i o n  of d i s t a n c e  
and t ime; hence ,  i t  has  wave p r o p e r t i e s .  The wave speed o f  t h e  p r e s s u r e  
p u l s e  i s  r e l a t e d  t o  t h e  e l a s t i c  modulus of t h e  a r t e r i a l  w a l l .  I n  
a d d i t i o n ,  wave r e f l e c t i o n s  t h a t  occur  i n  t h e  a r t e r i a l  sys tem p e r t u r b  
t h e  p r e s s u r e  f u n c t i o n .  It i s  known t h a t  t h e  e l a s t i c  p r o p e r t i e s  of t h e  
a r t e r i a l  w a l l  change i n  humans w i t h  a g e  and a r t e r i a l  d i s e a s e .  The 
b i o l o g i c a l  problem i s  t o  d e t e c t  n o n d e s t r u c t i v e l y  changes i n  t h e  m a t e r i a l  
p r o p e r t i e s  o f  t h e  a r t e r i a l  v e s s e l  e a r l y  i n  t h e  p r o c e s s  of a r t e r i a l  
d i s e a s e .  Changes of t h e  p r o p e r t i e s  o f  t h e  a r t e r i a l  w a l l  a r e  thought  t o  
b e  r e l a t e d  t o  wave speed o r  t r a n s i t  t ime  of  t h e  a r t e r i a l  p u l s e .  

To v a l i d a t e  t h e  accuracy of t h i s  h y p o t h e s i s  i t  i s  necessa ry  t o  e s t a b l i s h  
t h e  r e l a t i o n s h i p ,  i f  any,  between a r t e r i a l  d i s e a s e  and wave speed o r  
t r a n s i t  t i m e  o f  t h e  a r t e r i a l  p u l s e .  An a c c u r a t e  means of de te rmin ing  
wave speed o r  t r a n s i t  t ime  w i l l  a i d  i n  t h e  d e t e r m i n a t i o n  o f  t h i s  r e l a t i o n -  
s h i p .  Consequent ly ,  i t  is  d e s i r e d  t o  o b t a i n  r e l i a b l e ,  a c c u r a t e  means o f  
de te rmin ing  t h e  wave speed o r  t r a n s i t  t ime  of a r t e r i a l  p u l s e s .  
S p e c i f i c a l l y ,  a r e  t h e r e  improved a n a l y s i s  o r  measurement t echn iques  
which can b e  employed t o  y i e l d  t h e  t r a n s i t  t i m e  of t h e  a r t e r i a l  p u l s e ,  
w i t h  o r  w i t h o u t  superposed wave t r a i n s  ( r e f l e c t i o n s ) ?  I n  a d d i t i o n ,  can 
t h e s e  t e c h n i q u e s  b e  employed t o  pe rmi t  a  d e s c r i p t i o n  of a r t e r i a l  sys tem 
n o n l i n e a r i t i e s  and t h e  e x t e n t  of t h e  n o n l i n e a r i t i e s ,  and can t h e  
m a t e r i a l  p r o p e r t i e s  of t h e  a r t e r i a l  v e s s e l ,  such as c h a r a c t e r i s t i c  
impedance, t e r m i n a l  impedance, e t c . ,  b e  determined? A t  t h e  p r e s e n t ,  
t h e  t r a n s i t  t i m e  i s  measured by employing two mercury s t r a i n  gages ,  one  
p laced  n e a r e r  t h e  h e a r t  t h a n  t h e  o t h e r .  The a r t e r i a l  p r e s s u r e  p u l s e  i s  
recorded  a t  t h e s e  two l o c a t i o n s .  By s e l e c t i n g  similar p o i n t s  on t h e  
two p u l s e s ,  a n  e s t i m a t e  of t h e  t r a n s i t  t i m e  can  b e  o b t a i n e d .  

I f  t h e  r e l a t i o n s h i p s  between a r t e r i a l  w a l l  p r o p e r t i e s  and t r a n s i t  t i m e  
o r  wave speed measurements of t h e  a r t e r i a l  p u l s e  cou ld  b e  e s t a b l i s h e d  
u s i n g  improved i n s t r u m e n i a i i o n  o r  improved a n a l y s i s  t e c h n i q u e s ,  i r  
would b e  an  impor tan t  c o n t r i b u t i o n  t o  d i a g n o s i s  of a r t e r i a l  d i s e a s e ,  

The primary requirement  of c h i s  problem i s  to determine arterial 
p r e s s u r e  p u l s e  t r a n s i t  t i m e ,  De te rmina t ion  of t h i s  parameter  t o  a 



y r e c i s i o i l  of L b  p e l L e n L  rs r e q u i r e d ,  The secondary requrrements are  t o  
be a b l e  to o b t a i n  info-miation about  the m a t e r i a l  p r o p e r t i e s  o f  t h e  
a r t e r i a l  v e s s e l ,  such a s  c h a r a c t e r i s t i c  impedance, t e r m i n a l  impedance, 
e tc  , 

Problem S t a t u s  
P 

Problem i d e n t i f i c a t i o n  complete.  

For F u r t h e r  In format ion  Contact  

E r n e s t  H a r r i s o n ,  Jr.  
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  Park ,  N, C .  27709 
(919) 549-8311, e x t ,  376 



P R O B L E M  S T A T E M E N T  

"Animal R e s t r a i n t s  f o r  Pr imates"  

What is  Needed 
P 

An a n i m a l - r e s t r a i n t  sys tem s u i t a b l e  f o r  r h e s u s  monkeys i s  r e q u i r e d  
which w i l l  i n h i b i t  v igorous  a c t i o n  of t h e  animal  and w i l l  p r e v e n t  t h e  
animal  from removing a t t a c h e d  i n s t r u m e n t a t i o n .  

A r t e r i o s c l e r o s i s  i s  one of t h e  s i g n i f i c a n t  c o n t r i b u t o r s  t o  coronary 
d i s e a s e .  The b u i l d u p  o f  ex t raneous  m a t e r i a l  w i t h i n  t h e  a r t e r i a l  sys tem 
causes  a  r e d u c t i o n  i n  t h e  s i z e  (d iamete r )  o f  t h e  a r t e r i e s  which c a r r y  
l i f e - g i v i n g  oxygenated blood t o  t h e  body t i s s u e s .  T h i s  narrowing of 
t h e  a r t e r i e s  can occur  s y s t e m a t i c a l l y  o r  l o c a l l y .  When t h e  a r t e r i e s  a r e  
narrowed, t h e  b lood  flow t o  t h e  t i s s u e s  i s  reduced.  I f  t h e  blood flow 
i s  reduced s u f f i c i e n t l y ,  t h e  t i s s u e  b e i n g  s u p p l i e d  by t h e  a r t e r y  d i e s .  
I f  t h e  coronary  a r t e r i a l  sys tem,  which s u p p l i e s  b lood  t o  t h e  h e a r t ,  i s  
t h u s  a f f e c t e d ,  t h e  p a r t  of t h e  h e a r t  t i s s u e  be ing  s u p p l i e d  by t h a t  
a r t e r y  d i e s ,  Th i s  i s  c a l l e d  a n  i n f a r c t .  

Narrowing o f  t h e  a r t e r i e s  a l s o  i n c r e a s e s  t h e  impedance of t h e  a r t e r i a l  
sys tem,  I n  a n  a t t e m p t  t o  m a i n t a i n  blood supp ly  t o  t h e  t i s s u e ,  t h e  h e a r t  
must work h a r d e r ,  thus  imposing an  a d d i t i o n a l  worlcload on t h e  h e a r t .  
When c o n s t r i c t i o n  of t h e  a r t e r i e s  o c c u r s ,  t h e r e  is  an  a u t o r e g u l a t o r y  
feedback mechanism which causes  d i l a t i o n  of t h e  a r t e r i e s  ( v a s o d i l a t i o n )  
i n  a n  a t t e m p t  t o  compensate f o r  r e d u c t i o n  i n  blood supp ly  t o  t h e  t i s s u e .  
I n  a d d i t i o n ,  t h i s  v a s o d i l a t i o n  can  b e  accomplished by t h e  a d m i n i s t r a -  
t i o n  of c e r t a i n  drugs  ( v a s o d i l a t o r s ) .  These d rugs  a r e  f r e q u e n t l y  employed 
i n  t r e a t m e n t  o f  a r t e r i a l  d i s e a s e  and a s s o c i a t e d  problems where t h e  
o b j e c t i v e  i s  t o  improve t h e  blood supp ly  t o  t h e  t i s s u e s ,  However, much 
is  n o t  unders tood  about  t h e  mechanisms and e f f e c t s  of t h e s e  d rugs .  T h i s  
r e s e a r c h  program i s  designed t o  o b t a i n  t h i s  i n f o r m a t i o n  on v a r i o u s  vaso- 
d i l a t o r s  t o  pe rmi t  t h e i r  more e f f e c t i v e  u s e .  

The i n v e s t i g a t o r  h a s  performed e x t e n s i v e  r e s e a r c h  t o  de te rmine  t h e  
e f f e c t s  of v a s o d i l a t o r s  on dogs u s i n g  open c h e s t  methods. The n e x t  
phase  of t h e  r e s e a r c h  program r e q u i r e s  t h e  u s e  of r h e s u s  monkeys us ing  
c l o s e d  c h e s t  methods,  The monkeys w i l l  b e  i n s t r u m e n t e d  t o  measure 
blood f low,  blood p r e s s u r e ,  t empera tu re ,  and ECG. The s e n s o r s  will b e  
implanted by open c h e s t  s u r g e r y ,  and t h e  animal  w i l l  t h e n  b e  sewn back 
up. The monkeys will be monitored f o r  t h r e e  t o  six morrt'rrs dur ing  tile 
course of the study, During this period t h e  monkeys must b e  restrained 
from activiries which could potentially impair or damage the i r i s t ru -  
mentation As a r e s u l t  o f  t h e  R i o s a t e l L i r ~  Program and NASA research 



i n - ~ o l v i t ~ g  ~1011keys~  L L  is p o s s i b l e  that aalrnal restraint apparatus may 
have been b n i $ t  by NASA which would be  p o t e n t i a l l y  u s e f u l  i n  this program,  

Suitable animal r e s t r a in t  a p p a r a t u s  which can be employed on rhesus 
monkeys t o  p reven t  impairment o r  damage t o  i n s t r u m e n t a t i o n  is  r e q u i r e d ,  
The a p p a r a t u s  must pe rmi t  maintenance of t h e  monkeys f o r  p e r i o d s  of 
t h r e e  t o  s i x  months. 

For F u r t h e r  In format ion  Contac t  

E r n e s t  H a r r i s o n ,  Jr. 
Research T r i a n g l e  I n s t i t u t e  
P. 0 .  Box 12194 
Research T r i a n g l e  Park ,  N.  C .  27709 
(919) 549-8311, e x t ,  376 



ITTL/WF-90 
A p r i l  1970 

P R O B L E M  S T A T E M E N T  

"Blood P r e s s u r e  Measurements i n  Pr imates"  

What is  Needed 

An improved means o f  con t inuous ly  moni to r ing  b lood  p r e s s u r e  i n  t h e  
a o r t a  of t h e  r h e s u s  monkey is  d e s i r e d .  I f  implan ted ,  t h e  equipment 
must remain o p e r a b l e  f o r  s i x  months. Whether implanted o r  e x t e r n a l l y  
a t t a c h e d ,  i t  i s  d e s i r e d  t h a t  t h e  s e n s o r s  remain i n  p l a c e  f o r  t h e  t o t a l  
exper imenta l  t i m e  of s i x  months, 

A r t e r i o s c l e r o s i s  i s  one o f  t h e  s i g n i f i c a n t  c o n t r i b u t o r s  t o  coronary 
d i s e a s e ,  The b u i l d u p  o f  ex t raneous  m a t e r i a l  w i t h i n  t h e  a r t e r i a l  sys-  
tem causes  a  r e d u c t i o n  i n  t h e  s i z e  (d iamete r )  of t h e  a r t e r i e s  which 
c a r r y  l i f e - g i v i n g  oxygenated blood t o  t h e  body t i s s u e s .  Th i s  narrowing 
of t h e  a r t e r i e s  can occur  s y s t e m i c a l l y  o r  l o c a l l y .  When t h e  a r t e r i e s  
a r e  narrowed, t h e  blood flow t o  t h e  t i s s u e s  i s  reduced ,  I f  t h e  blood 
f low i s  reduced s u f f i c i e n t l y ,  t h e  t i s s u e  b e i n g  s u p p l i e d  by t h e  a r t e r y  
d i e s .  I f  t h e  coronary a r t e r i a l  sys tem,  which s u p p l i e s  b lood t o  t h e  
h e a r t ,  is thus  a f f e c t e d ,  t h e  p a r t  of t h e  h e a r t  t i s s u e  be ing  s u p p l i e d  
by t h a t  a r t e r y  d i e s .  T h i s  i s  c a l l e d  an i n f a r c t .  

Narrowing of t h e  a r t e r i e s  a l s o  i n c r e a s e s  t h e  impedance of t h e  a r t e r i a l  
sys tem.  I n  a n  a t t e m p t  t o  m a i n t a i n  b lood  supp ly  t o  t h e  t i s s u e ,  t h e  
h e a r t  must work h a r d e r ,  thus  imposing an  a d d i t i o n a l  workload on t h e  
h e a r t .  When c o n s t r i c t i o n  of t h e  a r t e r i e s  o c c u r s ,  t h e r e  i s  a n  auto-  
r e g u l a t o r y  feedback mechanism which causes  d i l a t i o n  o f  t h e  a r t e r i e s  
( v a s o d i l a t i o n )  i n  a n  a t t e m p t  t o  compensate f o r  r e d u c t i o n  i n  b lood  
supp ly  t o  t h e  t i s s u e ,  I n  a d d i t i o n ,  t h i s  v a s o d i l a t i o n  can b e  accomplished 
by t h e  a d m i n i s t r a t i o n  of c e r t a i n  drugs  ( v a s o d i l a t o r s ) .  These drugs  a r e  
f r e q u e n t l y  employed i n  t r e a t m e n t  of a r t e r i a l  d i s e a s e  and a s s o c i a t e d  prob- 
lems where t h e  o b j e c t i v e  i s  t o  improve t h e  blood supp ly  t o  t h e  t i s s u e s .  
However, much i s  n o t  unders tood about  t h e  mechanisms and e f f e c t s  of 
t h e s e  d r u g s ,  T h i s  r e s e a r c h  program i s  des igned  t o  o b t a i n  t h i s  informa- 
t i o n  on v a r i o u s  v a s o d i l a t o r s  t o  pe rmi t  t h e i r  more e f f e c t i v e  u s e ,  

The i n v e s t i g a t o r  has  performed e x t e n s i v e  r e s e a r c h  t o  de te rmine  t h e  
e f f e c t s  of v a s o d i l a t o r s  on dogs us ing  open c h e s t  methods,  The nex t  
phase  of  t h e  r e s e a r c h  program r e q u i r e s  t h e  u s e  of r h e s u s  monkeys 
u s i n g  c l o s e d  c h e s t  methods,  The monkeys w i l l  be ins t rumented  t o  measure 
blood f low,  blood p r e s s u r e ,  t empera tu re ,  and ECG, The s e n s o r s  vili b e  
i n p l a n t a d  by open ciiest. q u r g e r y ,  and the arrinral \ , r i l l  then ire sewn back 
up. 



' i ' e  rnonkeys WILL b e  moriitored f o r  t h r e e  t o  s i x  months d u r l n g  t h e  c o u r s e  
ok t h e  s t u d y ,  U u r f ~ l g  t h i s  p e r l o d ,  i t  i s  r e q u i r e d  t h a t  t h e  p u l s a t i l e ,  
sys tcn , ic  a r te r iz2  b lood  p r e s s u r e  as measured i n  t h e  auctsr lie raonrfcored 
f o r  approximately  one hour  d u r i n g  t h e  v a r i o u s  exper imenta l  p e r i o d s  
which may last  up t o  f o u r  h o u r s .  P r e s s u r e  measurement d u r i n g  t h e  
exper imenta l  p e r i o d s  must e i t h e r  b e  cont inuous  o r  r e p e t i t i v e  a t  no less 
t h a n  one measurement p e r  second.  The p r e s s u r e  range  t o  b e  measured i s  
50 t o  250 mm Hg. and an  accuracy of tl  p e r c e n t  i s  d e s i r e d .  

I n  p rev ious  dog exper iments ,  b lood  p r e s s u r e  h a s  been measured u s i n g  a 
Sta tham P23Db s t r a i n  gage.  The s t r a i n  gage was i n s e r t e d  through a  poly- 
e t h y l e n e  cannula  p laced  i n  t h e  a o r t i c  a r c h  through a  cutdown i n  t h e  l e f t  
common c a r o t i d  a r t e r y .  I f  cannula  t echn iques  were  employed w i t h  t h e  
r h e s u s  monkey, t h e  cannula  would most l i k e l y  b e  i n t r o d u c e d  through t h e  
s u b c l a v i a n  a r t e r y  and thence  t o  t h e  a o r t a .  

A t e l e m e t r i c  blood p r e s s u r e  measuring system which could  b e  implanted 
f o r  a  six-month p e r i o d  would b e  t h e  i d e a l  s o l u t i o n .  The a v a i l a b l e  
volume which could  b e  used f o r  t h e  b lood  p r e s s u r e  i n s t r u m e n t a t i o n  i s  
approximately  6  cub ic  i n c h e s .  

Although a  s e l f - c o n t a i n e d  t e l e m e t r i c  sys tem would b e  i d e a l ,  u s e f u l  sug- 
g e s t i o n s  concerning n o n t e l e m e t r i c  approaches t o  long-term moni to r ing  of 
a o r t i c  b lood  p r e s s u r e  i n  monkeys a r e  a c t i v e l y  s o u g h t .  B a s i c a l l y ,  sug- 
g e s t i o n s  r e g a r d i n g  long-term moni to r ing  of b lood  p r e s s u r e  i n  an imals  
which o f f e r  a  r e d u c t i o n  i n  i n s t r u m e n t a t i o n  complexi ty  and accuracy  o r  
which r e n d e r  i n s t a l l a t i o n  e a s i e r  t h a n  i n  t h e  c l a s s i c  cannula  method of 
measuring a o r t i c  b lood p r e s s u r e  a r e  encouraged. 
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P R O B L E M  S T A T E M E N T  

"Blood Flow Measurement i n  ~ r i m a t e s "  

What is Needed 

An improved, i m p l a n t a b l e  blood f low s e n s o r  t h a t  can b e  used t o  moni tor  
b lood f low i n  t h e  coronary a r t e r y  of a  rhesus  monkey f o r  p e r i o d s  o f  
t h r e e  t o  s i x  months. 

A r t e r i o s c l e r o s i s  i s  one of t h e  s i g n i f i c a n t  c o n t r i b u t o r s  t o  coronary  
d i s e a s e .  The b u i l d u p  of ex t raneous  m a t e r i a l  w i t h i n  t h e  a r t e r i a l  sys tem 
c a u s e s  a r e d u c t i o n  i n  t h e  s i z e  (d iamete r )  of t h e  a r t e r i e s  which c a r r y  
l i f e - g i v i n g  oxygenated blood t o  t h e  body t i s s u e s .  Th i s  narrowing of 
t h e  a r t e r i e s  can  occur  s y s t e m i c a l l y  o r  l o c a l l y .  When t h e  a r t e r i e s  a r e  
narrowed, t h e  blood flow t o  t h e  t i s s u e s  i s  reduced,  I f  t h e  blood flow 
i s  reduced s u f f i c i e n t l y ,  t h e  t i s s u e  be ing  s u p p l i e d  by t h e  a r t e r y  d i e s .  
I f  t h e  coronary a r t e r i a l  sys tem,  which s u p p l i e s  b lood  t o  t h e  h e a r t ,  is 
t h u s  a f f e c t e d ,  t h e  p a r t  of t h e  h e a r t  t i s s u e  b e i n g  s u p p l i e d  by t h a t  
a r t e r y  d i e s .  Th i s  i s  c a l l e d  a n  i n f a r c t .  

Narrowing of t h e  a r t e r i e s  a l s o  i n c r e a s e s  t h e  impedance o f  t h e  a r t e r i a l  
sys tem.  I n  an  a t t e m p t  t o  m a i n t a i n  blood supp ly  t o  t h e  t i s s u e ,  t h e  h e a r t  
must work h a r d e r ,  thus  imposing an  a d d i t i o n a l  workload on t h e  h e a r t ,  
When c o n s t r i c t i o n  of t h e  a r t e r i e s  o c c u r s ,  t h e r e  is  a n  a u t o r e g u l a t o r y  
feedback mechanism which causes  d i l a t i o n  o f  t h e  a r t e r i e s  ( v a s o d i l a t i o n )  
i n  an  a t t e m p t  t o  compensate f o r  r e d u c t i o n  i n  blood supp ly  t o  t h e  t i s s u e .  
I n  a d d i t i o n ,  t h i s  v a s o d i l a t i o n  can b e  accomplished by t h e  a d m i n i s t r a -  
t i o n  of c e r t a i n  drugs  ( v a s o d i l a t o r s ) ,  These drugs  are f r e q u e n t l y  
employed i n  t r e a t m e n t  o f  a r t e r i a l  d i s e a s e  and a s s o c i a t e d  problems where 
t h e  o b j e c t i v e  i s  t o  improve t h e  b lood  supp ly  t o  t h e  t i s s u e s .  However, 
much i s  n o t  unders tood about  t h e  mechanisms and e f f e c t s  of t h e s e  d r u g s .  
Th is  r e s e a r c h  program is des igned  t o  o b t a i n  t h i s  i n f o r m a t i o n  on v a r i o u s  
v a s o d i l a t o r s  t o  pe rmi t  t h e i r  more e f f e c t i v e  u s e ,  

The i n v e s t i g a t o r  has  performed e x t e n s i v e  r e s e a r c h  t o  de te rmine  t h e  
e f f e c t s  of v a s o d i l a t o r s  on dogs us ing  open c h e s t  methods. The n e x t  
phase  of t h e  r e s e a r c h  program r e q u i r e s  t h e  u s e  of r h e s u s  monkeys u s i n g  
c l o s e d  c h e s t  methods. The monkeys w i l l  b e  ins t rumented  t o  measure 
b lood  f low,  b lood  p r e s s u r e ,  t empera tu re ,  and ECG, The s e n s o r s  w i l l  be  
implanted by open c h e s t  s u r g e r y ,  and t h e  animal  w i l l  t h e n  b e  sewn back 

-eats -- and Constraints 

The monkeys will he monitored for t h ree  to s ix months du r i r ig  ~Tie course 
of t h e  study, During this period, it is required t h a t  the  blood f low i n  



t h e  coronary a r t e r y  be monitored f o r  approximately one hour during each 
experimental period which may l a s t  up t o  four  hours. Although continuous 
monitoring is desired during each of these  periods,  r e p e t i t i v e  flow 
measurement a t  i n t e r v a l s  not exceeding one second apar t  i s  acceptable. 
The flow r a t e  t o  be measured is  i n  t h e  range of 5 t o  500 cc/min. and an 
accuracy of +5 percent is  desired.  The coronary a r t e r y  of t h e  rhesus 
monkey is  approximately 3 t o  5 m i l l i m e t e r s  i n  circumference. 

I n  previous experiments, blood flow has been measured wi th  a non- 
cannulating electromagnetic blood flow probe and a Carolina Medical 
Elect ronics  Model 301 single-channel, square-wave electromagnetic blood 
flowmeter. Zero flow was obtained as a reference by b r i e f l y  occluding 
t h e  coronary a r t e r y  d i s t a l  t o  t h e  probe using a l i g a t u r e .  

It i s  des i red  t o  asce r ta in  whether improved blood flow measurement tech- 
niques appl icable  t o  animal implantat ion have been developed. Desirable 
c h a r a c t e r i s t i c s  sought a r e  smal ler  s i z e ,  e a s i e r  implantation, g rea te r  
accuracy, compatibi l i ty with long-term implantation, and e l iminat ion of 
ex te rna l  connections. It is thus apparent t h a t  t h e  i d e a l  s o l u t i o n  
would be  a permanently implantable blood flow meter-telemetry package 
small  enough t o  e a s i l y  f i t  wi th in  the  chest  cavi ty  of a rhesus monkey. 
The ava i l ab le  volume f o r  a l l  instrumentat ion i n  the  chest  cavi ty  is 
approximately 12 cubic inches. Only one-half t h i s  volume could be  
a l l o t t e d  t o  t h e  blood flow instrumentation. 

Although t h i s  i s  the  i d e a l ,  i t  should not  be in te rp re ted  t o  exclude use- 
f u l  suggestions concerning nontelemetric approaches t o  long-term 
monitoring of blood flow i n  monkeys, Essent ia l ly ,  suggestions which 
represent  an improvement i n  s impl ic i ty  o r  performance over electromag- 
n e t i c  flowmeters i n  t h e  long-term monitoring of blood flow i n  animals are 
s o l i c i t e d .  
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